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DESCRIPTION 



CYCLIC PHENOL SULFIDE METAL COMPLEX, 



CATALYSTS COMPRISING THE SAME , AND 



METHOD FOR ANALYZING HYDROGEN PEROXIDE 



Technical Field 

The present invention relates to a novel cyclic 
phenol sulfide metal complex and to a catalyst for oxidation 
by hydrogen peroxide and a catalyst for hydrolysis of 
phosphodiester which each comprises the cyclic phenol sulfide 
metal complex . 



for analyzing hydrogen peroxide using the cyclic phenol 
sulfide metal complex. 

Background Art 

Hydrogen peroxide is extensively utilized in various 
fields as a bleaching agent for paper /pulps and fibers, an 
oxidizing agent for industrial chemicals, and a bleaching 
agent, bactericide, or the like for medicines and foods. 
However, it has been pointed out that hydrogen peroxide is 
carcinogenic, and hydrogen peroxide generates in the living 
body by the action of a specific oxidase. Consequently, 
hydrogen peroxide is one of the substances for which 



Also, the present invention relates to a novel method 
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quantitative analysis is necessary especially in clinical 
chemistry and food chemistry. 

Conventionally known as techniques of quantitative 
analysis for hydrogen peroxide are the luminol 
chemiluminescence method, iodine titration method, oxygen 
electrode method, and the like. However, since these methods 
each has problems concerning influences of sample solution 
preparation methods on sensitivity, influences of coexistent 
metal ions on determination values, the time period required 
for analysis, and the like, a peroxidase enzymatic reaction 
is generally used for clinical chemical analyses, food 
chemical analyses, and the like. 

However, the peroxidase enzymatic method has problems 
that the enzyme is generally expensive and that accurate 
determination values are difficult to obtain because the 
enzyme has problems concerning stability and homogeneity of 
quality as compared with general reagents. Investigations 
are being made on subjects including evaluations of compounds 
having an activity and usable as a substitute for the enzyme. 

Namely, there is a desire for a method of 
quantitative analysis for hydrogen peroxide which is simple 
and highly suitable for determination. In other words, there 
is a desire for a novel compound which is utilizable in this 
analytical method, is excellent in chemical stability and 
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physical stability,- is inexpensive, and is utilizable as an 
analytical reagent having a peroxidase-like activity. 

On the other hand, with the recent progress in 
genetic engineering, investigations are being 

enthusiastically made in search for a compound capable of 
selectively cleaving genes, such as DNA, RNA, and the like. 

DNA and RNA govern the storage and manifestation of 
genetic information of a living being. Consequently, to 
enable selective cleavage of these, i.e., to develop an 
artificial restriction enzyme, is expected to play a highly 
important role in the explication of human genes and in 
biotechnology and cancer treatments . 

In particular, if the human genome project is 
accomplished and the human genes are wholly explicated 
thereby, the selective cleavage of genes will be an 
indispensable important technique. 

Artificial restriction enzymes are required to have a 
function of selectively recognizing a base sequence and a 
function of efficiently cleaving a nucleic acid. An 
artificial restriction enzyme has so far been reported which 
functions to cleave DNA by linking an iron complex to a 
recognizing site of a base sequence and breaking the sugar 
chain by the action of the hydroxy radical generated by the 
complex. However, this artificial enzyme has unsolved 
problems concerning the control of cleavage position and the 
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chemical structure of cleavage ends and is difficult to 
extensively utilize in this field. 

DNA is a polymer consisting of deoxyribonucleoside 
linked through a phosphodiester bond, and the nucleic acid is 
desired to be cleaved by the hydrolysis of the phosphodiester 
bond as in the case with natural restriction enzymes. 

The phosphodiester bonds in DNA. are extremely stable 
and it has long been impossible to nonenzymatically hydrolyze 
these. However, Komiyama et al. recently reported that the 
bonds can be hydrolyzed with a lanthanide complex (KagaJcu, 
48(9) : 654 (1993), etc.). As a result of these, considerable 
progress has been made with respect to activity in 
phosphodiester hydrolysis. However, it is said that there 
still are many unsolved problems concerning the fact that the 
activity is obtained under limited conditions, and concerning 
influences of the nucleic acid bases adjacent to the 
phosphodiester, hybridization with a recognized site in a 
base sequence, etc. 

Consequently, there is still a desire for an 
artificial restriction enzyme material having high activity 
and selectivity in phosphodiester hydrolysis under 
physiological conditions. 



• 



Disclosure of the Invpnti on 

Accordingly, an object of the present invention is to 
provide a novel metal complex, in particular, a metal complex 
which is excellent in chemical stability and physical 
stability, can be produced by a simple process, is 
inexpensive, can be used in applications, such as catalysts 
for various chemical reactions, information/electronic 
materials, and the like, and especially has a peroxidase-like 
activity and a high activity in phosphodiester hydrolysis. 

Another object of the present invention is to provide 
a novel method for analyzing hydrogen peroxide using the 
metal complex having a peroxidase-like activity. 

That is, the present invention provides a cyclic 
phenol sulfide metal complex represented by formula (1) : 




(wherein X represents a hydrogen atom, a hydrocarbon group, a 
carboxyalkyl group, or a carbamoylalkyl group; Y represents a 
hydrogen atom, a hydrocarbon group, a halogenated hydrocarbon 
group, a halogen atom, an acyl group, a hydroxyl group, a 
carboxyl group, an amido group, an amino group, a nitro group, 
a cyano group, a chlorosulf onic acid group, an 




alkoxysulfonyloxy group, or a sulfonic acid group; Z 
represents Sm, SO, or S0 2 ; m represents an integer of from 1 
to 7 ; n represents an integer of from 4 to 8 ; M represents a 
metal of the Groups 8, 1A to 7A, IB or 3B; and p and q 
represent a composition ratio and an integer of 1 or more) . 

Furthermore, the present invention provides a process 
for producing the cyclic phenol sulfide represented by 
formula (1) , comprising bringing a cyclic alkylphenol sulfide 
represented by formula (2) : 




( 2 ) 



(wherein X 1 represents a hydrogen atom, a hydrocarbon group, 
a carboxyalkyl group, or a carbamoylalkyl group; Y 1 
represents a hydrogen atom, a hydrocarbon group, a 
halogenated hydrocarbon group, a halogen atom, an acyl group, 
a hydroxyl group, a carboxyl group, an amido group, an amino 
group, a nitro group, a cyano group, a chlorosulf onic acid 
group, an alkoxysulfonyloxy group, or a sulfonic acid group; 
Z 1 represents Sm 1 , SO, or S0 2 ; m 1 is an integer of from 1 to 
7; n 1 is an integer of from 4 to 8) into contact with at 
least one selected from metals of the Group 8, 1A to 7A, IB 
and 3B. 
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Moreover, the present invention provides a 
composition for a catalyst reaction, comprising the cyclic 
phenol sulfide metal complex described in the above formula 
(1) and a support. 

Also, the present invention provides a composition 
having a catalytic activity for an oxidation by hydrogen 
peroxide, comprising a cyclic phenol sulfide metal complex 
represented by formula (3) : 



'"ftp? 



(wherein X represents a hydrogen atom, a hydrocarbon group, a 
carboxyalkyl group, or a carbamoylalkyl group; Y represents a 
hydrogen atom, a hydrocarbon group, a halogenated hydrocarbon 
group, a halogen atom, an acyl group, a hydroxyl group, a 
carboxyl group, an ami do group, an amino group, a nitro group, 
a cyano group, a chlorosulf onic acid group, an 
alkoxysulfonyloxy group, or a sulfonic acid group; z 
represents Sm, SO, or S0 2 ; m represents an integer of from 1 
to 7; n represents an integer of from 4 to 8; M represents a 
transition metal or- a rear earth metal; and p and q represent 
a composition ratio and an integer of 1 or more) and a 
support . 




Still furthermore, the present invention provides a 
novel method for analyzing hydrogen peroxide using the cyclic 
phenol sulfide metal complex having a catalytic activity in 
oxidations by hydrogen peroxide or the cyclic phenol sulfide 
metal complex having a catalytic activity in oxidations by 
hydrogen peroxide, which has been mixed with or supported on 
a solid support. 

Still moreover, the present invention provides a 
composition for catalyzing hydrolysis of phosphodiester 
comprising the cyclic phenol sulfide metal complex 
represented by formula (3) described above and a support. 

Brief Description of the Drawing s 

Fig. 1 is a graph showing the results obtained by 
determining the absorbance at 505 nm for each pH which 
indicates the amount of a quinoid type dye yielded by 
reacting hydrogen peroxide, 4-aminoantipyrine {4-AAP) , and 
phenol using the catalytic function of a cyclic phenol 
sulfide sulfonic acid iron complex of the present invention. 

Fig. 2 is a graph showing the results obtained by 
determining the absorbance at 505 nm, at hydrogen peroxide 
concentrations of from 0 to 100 ng/ml , which indicates the 
amount of a quinoid type dye yielded by reacting hydrogen 
peroxide, 4-AAP, and phenol using the catalytic function of a 
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cyclic phenol sulfide sulfonic acid iron complex of the 
present invention . 

Fig. 3 is a graph showing the absorbance at 400 nm 
for each pH of the p-nitrophenolate (Amax: 400 nm) which is a 
hydrolyzate obtained by hydrolyzing sodium bis (p-nitrophenyl) 
phosphate (BNPP) at pH's of from 4 to 11 using the catalytic 
function of a cyclic phenol sulfide sulfonic acid cerium 
complex of the present invention. 

Fig. 4 is a graph obtained by conducting the 
hydrolysis of BNPP using, as a catalyst, a cyclic phenol 
sulfide sulfonic acid cerium complex of the present invention, 
recovering and reusing the catalyst used to repeatedly 
conduct the hydrolysis five times, and determining the 
absorbance at 400 nm of the p-nitrophenolate (Amax: 400 nm) 
obtained in each hydrolysis . 

Best Mode for Carrying Out the Invention 

The present invention will be explained below in 

detail . 

In formula (1) , X represents a hydrogen atom, a 
hydrocarbon group, an acyl group, a carboxyalkyl group, or a 
carbamoyl al kyl group . 

The carbon atom number of the hydrocarbon group of X 
is not particularly limited so long as it is 1 or more; 
however, it is preferably from 1 to 10, more preferably from 
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1 to 6. The hydrocarbon group may be saturated or 
unsaturated, or straight or branched. Specific examples 
include methyl , ethyl , n-propyl , isopropyl , n-butyl , n-pentyl , 
n-hexyl, vinyl, allyl , cyclohexyl , phenyl, and the like. 

The carbon atom number of the acyl group of X is not 
particularly limited so long as it is 1 or more; however, it 
is preferably from 1 to 10, more preferably from 1 to 7 . 
Preferred examples of the acyl group include f ormyl , acetyl , 
propionyl, butyryl , valeryl , oxalyl , malonyl , succinyl , 
benzoyl, acryloyl, methacryloyl , crotonyl, and the like. 

The carbon atom number of the carboxyalkyl group of X 
is not particularly limited so long as it is 2 or more; 
however, it is preferably from 2 to 15, more preferably from 

2 to 13. Preferred examples of the carboxyalkyl group 
include -CH 2 C00H, -CH 2 CH 2 COOH, -CH (CH 3 ) COOH , -CH 2 CH 2 CH 2 COOH , 
-C(CH 3 ) 2 COOH, and the like. 

The carbon atom number of the carbamoylalkyl group of 
X is not particularly limited so long as it is 2 or more; 
however, it is preferably from 2 to 15, more preferablly from 
2 to 13. Preferred examples of the carbamoylalkyl group 
include -CH 2 CONH 2 , -CH 2 CH 2 CONH 2 , -CH (CH 3 ) CONH 2 , -C (CH 3 ) 2 CONH 2 , 
-CH 2 CONH (CH 3 ) , -CH 2 CONHCH(CH 3 )Ph (Ph represents a phenyl 
group) , and the like. 

The hydrogen atoms in these hydrocarbon group, acyl 
group, carboxyalkyl group or carbamoylalkyl group may be 
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substituted with a functional group, such as a hydrocarbon 
group, a halogen atom, a nitro group, a carboxyl group, an 
acyl group, an amino group, an amido group, a hydroxyl group, 
or the like. 

Also, when the carbon number of the hydrocarbon group, 
acyl group, carboxyalkyl group and carbamoyl alkyl group of X 
increases, generally, a capability of forming a complex with 
a metal tends to be lowered. 

In formula (1) , the number of X's present is from 4 
to 8 per molecule. The plural X's are the same or different. 
When the presence ratio of X other than a hydrogen atom in 
the plural X's is high, a capability of forming a complex 
with a metal may be lowered. 

In formula (1) , Y represents a hydrogen atom, a 
hydrocarbon group, a halogenated hydrocarbon group, a halogen 
atom, an acyl group, a hydroxyl group, a carboxyl group, an 
amido group, an amino group, a nitro group, a cyano group, a 
chlorosulfonic acid group, an alkoxysulf onyloxy group, or a 
sulfonic acid group. 

The carbon atom number of the hydrocarbon group of Y 
is not particularly limited so long as the number is 1 or 
more; however, it is preferably from 1 to 30, more preferably 
from 1 to 18. Examples of the hydrocarbon group include a 
saturated aliphatic hydrocarbon group, an unsaturated 
aliphatic hydrocarbon group, an ali cyclic hydrocarbon group, 
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an alicyclic-aliphatic hydrocarbon group, an aromatic 
hydrocarbon group, an aromatic-aliphatic hydrocarbon group, 
and the like. 

Preferred examples of the saturated aliphatic 
hydrocarbon group include an alkyl group, such as methyl, 
ethyl, n-propyl, isopropyl, n -butyl , isobutyl, tert-butyl , 
n-pentyl , neopentyl , n-hexyl , n-octyl , teart-octyl , n-nonyl , 
isononyl, n-dodecyl, and the like; a hydrocarbon group 
derived from a polymer or copolymer of ethylene, propylene, 
or butylene; and the like. The alkyl group may be straight, 
branched, or cyclic. 

Preferred examples of the unsaturated aliphatic 
hydrocarbon group include alkenyl groups and alkynyl groups , 
such as vinyl, allyl , isopropenyl, 2-butenyl, and the like; a 
hydrocarbon group derived from a polymer or copolymer of 
acetylene, butadiene, or isoprene; and the like. 

Preferred examples of the ali cyclic hydrocarbon group 
include a cycloalkyl group, a cycloalkenyl group, a 
cycloalkynyl group, and the like, such as cyclohexyl, 
methyl cycl ohexyl , ethyl cyclohexyl , and the like. 

Preferred examples of the alicyclic-aliphatic 
hydrocarbon group include an alkyl group, an alkenyl group, 
an alkynyl group, and the like substituted with a cycloalkyl 
group, a cycloalkenyl group, or a cycloalkynyl group, such as 
cyclohexylmethyl , cyclohexylethyl , and the like. 
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Preferred examples of the aromatic hydrocarbon group 
include an aryl group, such as phenyl, naphthyl , and the 
like; an alkylaryl group, such as methylphenyl , 
dimethylphenyl , trimethylphenyl , ethylphenyl , butylphenyl , 
and the like; and the like. 

Preferred examples of the aromatic-aliphatic 
hydrocarbon group include an aralkyl group and the like, such 
as benzyl, phenyl e thy 1 , phenylpropyl , phenylbutyl , 
methylphenylethyl , and the like. 

Also, these hydrocarbon groups may be substituted 
with a functional group, such as a halogen atom, an acyl 
group, a hydroxyl group, a carboxyl group, an amido group, an 
amino group, a nitro group, or the like. 

Furthermore, the halogenated hydrocarbon group 
include those similar to the hydrocarbon groups explained in 
the above Y, which are substituted with a halogen atom. 

The halogen atom may be any atom of fluorine, 
chlorine, bromine and iodine. 

The acyl group includes those similar to the acyl 
groups explained in the above X, and the preferred groups are 
also similar. 

0 OH 
II II I 

Examples of the amido group include — C , — C — N — R / 

NH 2 

HO R ' o OR' 

J T jU _ I li II I 

N_C ~ R ' ~~ N ~ C - R , — C-N-R (R and R' each independently 
represents a hydrocarbon group, and examples of R and R' 
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include the hydrocarbon groups explained in the above Y) , and 
the like. 

Examples of the alkyl moiety of the alkoxysulf onyloxy 
group include the alkyl groups exemplified in the hydrocarbon 
groups explained in the above Y. 

A part or all of the hydrogen atoms constituting each 
group of the hydroxyl group, carboxyl group, amido group, and 
alkoxysulf onyloxy group may be substituted with a hydrocarbon 
group. The hydrocarbon group includes those similar to the 
hydrocarbon group explained in X, and the preferred groups 
are also the same. 

Furthermore, the sulfonic acid group of Y in formula 
(1) is sulfonic acid (-S0 3 H) , or a metal salt, an ammonium 
salt, a (lower alkyl) ammonium salt, a (lower alkanol) ammonium 
salt or a pyridinium salt of sulfonic acid. 

Examples of a metal in the sulfonic acid group 
include an alkali metal, such as sodium, potassium, and the 
like; an alkaline earth metal salt, such as calcium, 
magnesium, and the like; and the like. 

The (lower alkyl ) ammonium in the sulfonic acid group 
of Y preferably has an alkyl moiety of a carbon number of 
from 1 to 12, and examples thereof include me thyl ammonium, 
ethyl ammonium, n -propyl ammonium, i sopropyl ammonium, 

n-butylammonium, isobutylammonium, sec-butylammonium, 

tert-butylammonium, dimethyl ammonium, diethyl ammonium, 
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di-n-propylammonium, diisopropylammonium, di-n-butylammonium, 
dii sobutylammonium , di - sec-butylammonium , 

di- tert-butylammonium, trimethylammonium, trie thy 1 ammonium, 
and the like . 

The (lower alkanol) ammonium in the sulfonic acid 
group of Y preferably has an alkyl moiety of from 1 to 10, 
and examples thereof include ethanolammonium, 

diethanolammonium, triethanolammonium, and the like. 

Examples of the pyridinium salt in the sulfonic acid 
group of Y include pyridinium, N-methylpyridinium, and the 
like. 

In formula (1) , the number of Y present is from 4 to 
8 per molecule. The plural Y's are the same or different. 

In formula (1) , Z represents Sm, SO, or SO z . 

Sm is a polysulfide group, such as a sulfide group, a 
disulfide group, or the like, and m of Sm is an integer of 
from 1 to 7 , and preferably 1 to 3 . The plural m ? s of Sm are 
the same or different. Also, SO is a sulfinyl group, and S0 2 
is a sul f onyl group . 

In formula (1) , the number of Z's present is from 4 
to 8 per molecule. The plural Z's are the same or different. 
When the presence ratio of Z other than Sm in the plural Z's, 
that is, a sulfinyl group or a sulfonyl group, is high, a 
capability of forming a complex with a transition metal or a 
rare earth metal may be lowered. 
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In formula (1), n is an integer of from 4 to 8 . 
M in formula (1) is a metal of the Groups 8, 1A to 7A 
IB or 3B. 

Examples of the metal of the Group 8 include iron 
(Fe) , cobalt (Co) , nickel (Ni) , ruthenium (Ru) , rhodium (Rh) , 
palladium (Pd) , osmium (Os) , iridium (Ir) , and platinum (Pt) . 

Examples of alkali metal and alkaline earth metal of 
the Groups 1A and 2A include sodium (Na) , potassium (K) , 
rubidium (Rb) , cesium (Cs) , magnesium (Mg) , calcium (Ca) , 
barium (Ba) , and the like. 

Examples of the metal of the Groups 3A to 7A include 
titanium (Ti) , vanadium (V) , chromium (Cr) , manganese (Mn) , 
yttrium (Y) , zirconium (Zr) , niobium (Nb) , molybdenum (Mo) , 
hafnium (Hf ) , tantalum (Ta) , tungsten (W) , rhenium (Re) , and 
the like, in addition to rare earth metals, such as lanthanum 
(La) , cerium (Ce) , neodymium (Nd) , samarium (Sm) , europium 
(Eu) , gadolinium (Gd) , terbium (Tb) , holmium (Ho) , erbium 
(Er) , thulium (Tm) , ytterbium (Yb) , lutetium (Lu) , and the 
like. 

Examples of the metal of the Groups IB and 3B include 
copper (Cu) , silver (Ag) , gold (Au) , aluminum (Al) , gallium 
(Ga) , indium (In) , and thallium (Tl) . 

M in formula (1) is preferably a metal of the Groups 
8, 3A to 7A or IB. 
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p and q in formula (1) represent a composition ratio, 
and an integer of 1 or more, p and q change depending on the 
kind of the metal, the kind of the cyclic phenol sulfide, the 
kind of the solvent, and the like; however, in many cases the 
ratio is 1:1. 

Next, the cyclic phenol sulfide metal complex of 
formula (3) is explained below. 

The cyclic phenol sulfide metal complex of formula 
(3) is the same as the cyclic phenol sulfide metal complex of 
formula (1) , except that M is replaced with M 1 . Accordingly, 
X, Y, Z, m, n, p and q in formula (3) are the same as those 
of X, Y, Z, m, n, p and q in formula (1) in content and 
condition, and preferred examples are also the same. 

M 1 in formula (3) represents a transition metal or a 
rare earth metal . 

Preferred examples of the transition metal and rare 
earth metal include iron (Fe) , cobalt (Co) , nickel (Ni) , 
ruthenium (Ru) , rhodium (Rh) , palladium (Pd) , osmium <0s) , 
iridium (Ir) , and platinum (Pt) of the Group 8; titanium (Ti) , 
vanadium (V) , chromium (Cr) , manganese (Mn) , copper (Cu) , 
zinc (Zn) , yttrium (Y) , zirconium (Zr) , niobium (Nb) , 
molybdenum (Mo) , silver (Ag) , cadmium (Cd) , lanthanum (La) , 
cerium (Ce) , neodymium (Nd) , samarium (Sm) , europium (Er) , 
thulium (Tm) , ytterbium (Yb) , lutetium (Lu) , hafnium (Hf ) , 
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tantalum (Ta) , tungsten (W) , rhenium (Re) , gold (Au) , and 
mercury (Hg) of the Groups 3A to 7A, IB and 2B; and the like. 

A process for producing the cyclic phenol sulfide 
metal complexes represented by formulae (1) and (3) is 
explained below. 

The cyclic phenol sulfide metal complexes represented 
by formulae (1) and (3) are each obtained by bringing a 
cyclic phenol sulfide represented by formula (2) into contact 
with a metal . 

A process for producing a cyclic phenol sulfide 
represented by formula (2) is described in JP-A-9-227553 and 
WO 98/09959. An appropriate process is a process comprising 
first reacting alkylphenol represented by formula (4) having 
a hydrocarbon group at the 4 -position: 



(in formula (4), Y° represents a hydrocarbon group) with an 
appropriate amount of elemental sulfur in the presence of an 
appropriate amount of at least one metallic reagent selected 
from an alkali metal reagent and an alkaline earth metal 
reagent . 



OH 




( 4 ) 
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The phenol compound and elemental sulfur used as 
starting materials are fed in such a proportion that the 
amount of the elemental sulfur is 0.1 gram equivalent or more, 
preferably 0.35 gram equivalents or more, per gram equivalent 
of the phenol compound. Although there is no particular 
upper limit on the proportion of the elemental sulfur fed as 
a starting material, the amount thereof is preferably 20 gram 
equivalents or less, particularly preferably 10 gram 
equivalents or less, per gram equivalent of the phenol 
compound . 

Examples of the alkali metal reagent include an 
elemental alkali metal, an alkali metal hydride, an alkali 
metal hydroxide, an alkali metal carbonate, an alkali metal 
alkoxide, an alkali metal halide, and the like. Examples of 
the alkaline earth metal reagent include an elemental 
alkaline earth metal, an alkaline earth metal hydride, an 
alkaline earth metal hydroxide, an alkaline earth metal oxide, 
an alkaline earth metal carbonate, an alkaline earth metal 
alkoxide, an alkaline earth metal halide, and the like. 

The alkali metal reagent or the alkaline earth metal 
reagent is used at an amount of 0.005 gram equivalents or 
more, preferably 0.01 gram equivalent or more, per gram 
equivalent of the phenol compound. Although there is no 
particular upper limit on the amount used of the alkali metal 
reagent or the alkaline earth metal reagent, the amount 



thereof is preferably 10 gram equivalents or less, and more 

preferably 5 gram equivalents or less. 

The hydrogen atoms of the phenolic hydroxyl groups of 

the cyclic phenol sulfide intermediate yielded can be 

converted, if desired, to X 1 in formula (2) other than a 
hydrogen atom. 

Examples of this conversion method are described in 
JP-A-9-227553. Appropriate production examples include a 
method in which the phenolic hydroxyl groups of the cyclic 
phenol sulfide intermediate are acylated with an acylating 
agent such as acetyl chloride. The examples further include 
a method in which the hydrogen atoms of the phenolic hydroxyl 
groups of the cyclic phenol sulfide intermediate are replaced 
with an alkali metal, which is then converted to a 
hydrocarbon group by reaction with a halogenated hydrocarbon. 

Furthermore, the hydrocarbon groups in the p-position 
to the phenolic hydroxyl groups of the cyclic phenol sulfide 
intermediate yielded can be converted to a hydrogen atom if 
desired . 

Examples of this conversion method are described in 
JP-A-10-77282. Appropriate production examples include a 
method in which the hydrocarbon groups in the p-position to 
the phenolic hydroxyl groups of the cyclic phenol sulfide 
intermediate are subjected to hydrocarbon elimination with a 
catalyst, such as aluminum chloride or the like. 
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Examples of methods for conversion into Y 1 in formula 
(2) other than a hydrogen atom and a hydrocarbon group are 
described in JP-A-9-227553 . Appropriate production examples 
include a method in which an appropriate nitrating agent such 
as nitric acid is caused to act on the cyclic phenol sulfide 
represented by formula (2) wherein Y 1 is a hydrogen atom to 
thereby convert into a nitro group. 

The nitro groups can be converted to amino groups by 
reducing them with an appropriate reducing agent such as 
iron/hydrochloric acid. Furthermore, by diazotizing these 
amino groups with sodium nitrite or the like and then 
subjecting the diazotized groups to the action of an 
appropriate halogenating agent, such as copper chloride or 
the like, or of water in the presence of hydrochloric acid or 
the like, the amino groups can be converted to halogen groups 
or hydroxyl groups, respectively. 

Examples thereof further include a method in which 
the cyclic phenol sulfide which has undergone the hydrocarbon 
elimination is reacted with an acid halide, if necessary, in 
the presence of a catalyst, such as a Lewis acid or the like, 
to thereby convert to acyl groups . 

Furthermore, the hydrocarbon groups in the p-position 
to the phenolic hydroxyl groups of the cyclic phenol sulfide 
intermediate yielded can be converted to sulfo groups. 
Examples of methods for this conversion are described in the 




description of WO 99/29683. An appropriate production 
example is a method in which the cyclic phenol sulfide 
intermediate is suspended in sulfuric acid and stirred 
therein under heating. 

The concentration of sulfuric acid used in this 
reaction may be 80% or higher, preferably 90% or higher. 

Although the use amount of sulfuric acid is not 
particularly limited, it may usually be from 5 to 200 ml per 
g of the cyclic alkylphenol sulfide. 

The reaction temperature is preferably 70°C or higher, 
more preferably 80°C or higher. 

Although the reaction time is not particularly 
limited, it may usually be from 2 hours to 30 hours. 

After completion of the reaction, the reaction 
product is diluted with water and subjected to salting out 
with a metal salt, such as an alkali metal, alkaline earth 
metal salt, or the like, an ammonium salt, a (lower 
alkyl) ammonium salt, a (lower alkanol) ammonium salt, or a 
pyridinium salt, to obtain a cyclic phenol sulfide 
represented by formula (2) wherein Y 1 is a sulfo group. 

Furthermore, the sulfide groups of the cyclic phenol 
sulfide can be converted to Z 1 in formula (2) other than a 
sulfide group. 

Examples of methods for this conversion are described 
in WO 98/09959. Appropriate production examples include a 
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method in which the sulfide groups are oxidized with an 
oxidizing agent, such as hydrogen peroxide, sodium perborate, 
or the like, to thereby convert these groups into sulfinyl 
groups or sulfonyl groups. 

Given metals are caused to act on the thus -obtained 
cyclic phenol sulfide represented by formula (2) , whereby a 
cyclic phenol sulfide metal complex represented by formula 

(1) or formula (3) can be produced. 

Examples of methods for causing a metal to act on the 
cyclic phenol sulfide represented by formula (2) include a 
method in which the cyclic phenol sulfide is brought into 
contact with the metal. Appropriate examples of contacting 
methods include a method in which a solution containing the 
cyclic phenol sulfide dissolved therein and a solution 
containing the metal dissolved therein are contacted with 
each other by stirring, shaking, refluxing with heating, or 
the like. 

Some cyclic phenol sulfides represented by formula 

(2) are water-insoluble and the others are water-soluble. 
Examples of the solvent in which the cyclic phenol sulfides 
are to be dissolved include water-insoluble solvents for the 
cyclic phenol sulfides which are water- insoluble and water- 
soluble solvents for the cyclic phenol sulfides which are 
water-soluble . 
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Appropriate specific examples of the water-insoluble 
solvents include aromatic hydrocarbons, such as benzene, 
toluene, xylene, and the like; halogenated hydrocarbons, such 
as chloroform, carbon tetrachloride, chlorobenzene , and the 
like; aliphatic hydrocarbons, such as hexane, octane, and the 
like; and mineral oils, such as kerosine, gas oil, and the 
like. 

Appropriate specific examples of the water-soluble 
solvents include water, alcohols, such as ethanol and the 
like, pyridine, acetone, and the like. 

Solvents may be used alone or as a mixture of two or 
more thereof. 

The concentration of the cyclic phenol sulfide 
represented by formula (2) in solvents is not particularly 
limited, except that the upper limit thereof is limited by 
the solubility of the cyclic phenol sulfide in each solvent. 
Generally, the concentration thereof is from IxlO -6 to 1 M. 

The metal which is caused to act on the cyclic phenol 
sulfide represented by formula (2) in order to produce a 
cyclic phenol sulfide metal complex represented by formula 
(1) is a metal of the Groups 8, 1A to 7A, IB, or 3B. 
Specific examples thereof include those similar to the metals 
exemplified above in M in formula (1) . 

Metal ions (metal salts) during complex formation may 
be present in any amount so long as the number thereof is 
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substantially not smaller than the number of molecules of the 
sulfide of formula (2) . However, from the standpoint of a 
balance between the efficiency of reaction operation and 
profitability, metal ions are usually used in an amount of 
from 1.2 to 100 times by mole the amount of the sulfide. In 
the case of using a large excess of metal ions (metal salts) , 
an economical burden can be reduced by recovering and reusing 
the aqueous solution resulting from the complex formation 
treatment. In the case of using a water-soluble sulfide, it 
is preferred to conduct complex formation in a homogeneous 
aqueous solution system; this operation can be performed, for 
example, by adding an aqueous metal salt solution to an 
aqueous solution of the sulfide. In this case, use of a 
large excess of the metal is disadvantageous because of the 
necessity of separating the metal ions (metal salts) which 
have not participated in complex formation. Usually, the 
aqueous metal ion (metal salts) solution is added in an 
amount of from 1.2 to 5 times the amount of the aqueous 
sulfide solution. Although the unreacted or excess metal 
ions (metal salt) remain in the solution in this method, 
these may be removed with an ion-exchange resin or the like. 

Moreover, the metal which is caused to act on the 
cyclic phenol sulfide represented by formula (2) in order to 
produce a cyclic phenol sulfide metal complex represented by 
formula (3) is a transition metal or a rare earth metal. 



- 25 - 




Specific examples thereof include those similar to the metals 
exemplified above in M 1 in formula (3) . 

Furthermore, conditions and the like for producing a 
cyclic phenol sulfide metal complex represented by formula 
(3) are the same as in the production of a cyclic phenol 
sulfide metal complex represented by formula (1) described 
above . 

Various metal compounds can be used as the metal to 
be caused to act on the cyclic phenol sulfide represented by 
formula (2) . 

Preferred examples of the metal compounds include 
metal salts, such as halides, nitric acid salts, and salts 
with organic acids (e.g., picric acid etc.), and the like. 
However, coordination compounds with organic ligands, such as 
carbonyl, ace tylace tone , and the like, can also be used. 

The solvent in which the metal is to be dissolved 
varies depending on the kind of the metal compound. Namely, 
examples thereof include water-soluble solvents for metal 
salts and water-insoluble solvents for organic coordination 
compounds. With respect to each of the water-soluble 
solvents and the water-insoluble solvents , examples thereof 
include those similar to the solvents exemplified above, and 
preferred examples thereof are also similar. 

The concentration of the metal dissolved in a solvent 
is not particularly limited, and complex formation can be 
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sufficiently accomplished even at about lxlO" 6 M. Heightening 
the metal concentration arouses no troubles, and the 
concentration thereof can be determined while taking account 
of the molar ratio thereof to the sulfide to be contacted 
therewith, the volume ratio to the liquid layer to be 
contacted therewith in the case of a two-layer system and the 
like. However, the upper limits are the solubilities of the 
metal and sulfide used, because recovery of the excess metal 
requires much labor in the case of using a large excess of 
the metal in a homogeneous system as stated above, and from 
the standpoint of the efficiency of liquid-liquid contact in 
the case of a two-layer system. 

In the case where the solvent for the metal is water, 
the aqueous metal solution is not particularly limited in pH . 
However, the pH is preferably from 3 to 11. As the pH 
decreases to below 3, the metal, in complex formation with 
the cyclic phenol sulfide, tends to have a lower degree of 
complex formation and comes to necessitate a longer time 
period for contact with the cyclic phenol sulfide. 

The operation for complex formation from the cyclic 
phenol sulfide and the metal is conducted by bringing a 
solution containing the cyclic phenol sulfide dissolved 
therein and a solution containing the metal dissolved therein 
into contact with each other by stirring, shaking, refluxing 
with heating, or the like. 
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The reaction temperature for complex formation is not 
particularly limited, and the formation can be conducted at 
any temperature higher than the solidifying point of the 
solvent used and not higher than the boiling point thereof. 
However, too low temperatures may cause precipitation because 
of the reduced solubility of the sulfide. From the 
standpoint of utilizing the stirring effect of refluxing with 
heating, it is advantageous to conduct the reaction at around 
the boiling point. 

Conditions for the stirring or shaking are not 
particularly limited. However, it may usually be conducted 
for from 1 to 72 hours . In general , vigorous shaking or 
stirring makes the complex formation more efficient. The 
shaking may usually be conducted at a frequency of about from 
100 to 400 times per minute. 

In the case where the cyclic phenol sulfide is water- 
insoluble and the solvent containing it dissolved therein is 
water-insoluble, this solution is brought into contact with a 
solution prepared by dissolving ^the metal in a water-soluble 
solvent so that the cyclic phenol sulfide metal complex 
yielded moves to the water-insoluble solvent. 

Also, in the case where the cyclic phenol sulfide is 
water-soluble, the solvent in which the cyclic phenol sulfide 
is to be dissolved can be the same as the solvent in which 
the metal is to be dissolved. 
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Furthermore, in the case where the metal is in the 
form of a coordination compound with an organic substance, it 
can be added to the cyclic phenol sulfide and a water- 
insoluble solvent to conduct refluxing with heating. 

Conditions for the refluxing with heating are not 
particularly limited as long as the temperature is not higher 
than the boiling point of the solvent. The refluxing may 
usually be conducted for from 1 to 72 hours. 

From the thus-obtained solution containing a complex 
of the cyclic phenol sulfide with the metal, the water- 
insoluble solvent or water-soluble solvent is removed by a 
known technique such as distillation. Thus, each cyclic 
phenol sulfide metal complex of the present invention can be 
isolated. 

Moreover, the cyclic phenol sulfide metal complexes 
isolated can be re crystallized if desired. The 
recrystallization can be conducted by a known technique using 
a solvent, such as ethyl acetate, di chl or ome thane , chloroform, 
dioxane, toluene, or the like, or a mixed solvent such as 
chloroform/ ace tone, benzene/methanol , toluene/ethanol , or the 
like. 

The cyclic phenol sulfide metal complexes of the 
present invention can be further mixed with or supported on a 
solid support if desired. 
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When a cyclic phenol sulfide metal complex having a 
catalytic activity in oxidations with hydrogen peroxide is 
used in an analysis for hydrogen peroxide, the cyclic phenol 
sulfide metal complex can be used as it is or after having 
been dissolved in a solution. However, it is convenient and 
advantageous to use the complex which has been mixed with or 
supported on a solid support. 

The cyclic phenol sulfide metal complex represented 
by formula (1) wherein Y is a sulfonic acid group is water- 
soluble. Examples of the solvent in which this cyclic phenol 
sulfide is to be dissolved include water-soluble solvents . 
Preferred examples of the water-soluble solvents include 
water . 

Examples of the solid support include silica gel, 
ion-exchange resins, ion exchangers, glasses, carbon, 
diatomaceous earth, cellulose, chitosan, and the like. 
Although the solid support is not particularly limited, 
preferred examples thereof are weakly basic anion-exchange 
resins and anion exchangers, cellulose, chitosan, and the 
like. 

The contact operation is conducted by mixing a 
solution containing the cyclic phenol sulfide metal complex 
dissolved therein with the solid support by shaking, stirring, 
or the like. Conditions for the shaking or stirring are not 
particularly limited. Mixing may be followed by standing. 
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The temperature at which the complex is contacted 
with the solid support or with a solution containing the same 
is not particularly limited, as long as it is not higher than 
the boiling point of the solvent used. Usually, the 
operation may be conducted at a temperature around room 
temperature, i.e., from 5°C to 35°C. 

Incidentally, a technique which may be used for 
mixing or supporting a cyclic phenol sulfide metal complex 
with or on a solid support comprises producing the cyclic 
phenol sulfide metal complex beforehand and then contacting 
it with the solid support, as described above. However, use 
may be made of a method comprising mixing or supporting a 
cyclic phenol sulfide with or on a solid support beforehand 
in the same manner and then causing a metal to act thereon to 
conduct complex formation with the metal . 

In the case where a cyclic phenol sulfide metal 
complex is used after having been mixed with or supported on 
a solid support, the content of the cyclic phenol sulfide 
metal complex is not particularly limited. However, the 
content thereof is preferably from 1 to 500 pinol , more 
preferably from 20 to 200 fimol , per g of the support. 

The cyclic phenol sulfide metal complex represented 
by formula (1) can be used in applications such as catalysts 
for various chemical reactions, information/electronic 
materials, and the like. 
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By using either the cyclic phenol sulfide metal 
complex represented by formula (3) or the cyclic phenol 
sulfide metal complex mixed with or supported on a solid 
support (hereinafter often referred to as the "complex of the 
present invention") , it is possible to use it as a catalyst 
for oxidation by hydrogen peroxide and to analyze hydrogen 
peroxide . 

When the complex of the present invention is used as 
a catalyst for oxidation by hydrogen peroxide, an oxidizable 
substance is reacted with hydrogen peroxide in the presence 
of the compound of the present invention. The oxidizable 
substance used in an oxidation with hydrogen peroxide is not 
particularly limited so long as it is oxidizable by hydrogen 
peroxide. Examples thereof include substances causative of 
environmental variation and the like, such as IQ (2-amino-3- 
methylimidazo[4,5-f jquinoline) , MelQ (2-amino-3 , 4- 

dimethylimidazo[4 ,5-f ]quinoline) , MelQ (2-amino-3 , 8- 

dimethylimidazo [4 ,5-f ] quinoxaline) , TrpP-1 (3-amino-l , 4- 
dimethylpyrido [4 ,3-b] indole) , TrpP-2 (3-amino-l- 

methylpyrido [4 ,3-b] indole) , and the like. 

The use amount of the complex of the present 
invention in oxidations with hydrogen peroxide is not 
particularly limited. However, too small amounts may result 
in a considerably reduced reaction rate, while too large 
amounts may be disadvantageous from an economical standpoint. 
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Consequently, it is preferably from 0.01 to 35 mol, more 
preferably from 0.1 to 15 mol, per mol of the hydrogen 
peroxide . 

Quantitative analysis for hydrogen peroxide is 
conducted by reacting an oxidizable substance with hydrogen 
peroxide in the presence of the complex of the present 
invention and directly or indirectly determining the amount 
of a reaction product. For example, a calibration curve 
obtained from changes of the amount of the reaction product, 
determined by utilizing spectroscopy, fluorescence, radiation, 
or the like, and from the amount of hydrogen peroxide can be 
used to detect/determine hydrogen peroxide. More 
specifically, hydrogen peroxide, 4-aminoantipyrine (4-AAP) , 
and phenol are reacted in the presence of the complex of the 
present invention, and the absorbance of the quinoid type dye 
yielded is determined at 505 nm. The linear relationship 
between the increase in absorbance and the amount of hydrogen 
peroxide is utilized to determine hydrogen peroxide. 

Furthermore, by using either the cyclic phenol 
sulfide metal complex represented by formula (3) or the 
cyclic phenol sulfide metal complex mixed with or supported 
on a solid support, it is possible to use it as a catalyst 
for hydrolysis of phosphodiester . 

When the complex of the present invention is used as 
a catalyst for hydrolysis of phosphodiester, the 
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phosphodi ester hydrolysis is conducted in the presence of the 
compound of the present invention. Examples of samples used 
in the phosphodi ester hydrolysis include various 
phosphodiester, and examples include nucleic-acid-related 
compounds, such as DNA and RNA; phospholipids, such as 
3-phosphatidyl choline , 3-phosphatidylethanolamine , 

3 -phosphatidyl serine , 3-phosphatidylethanolamine , 

1-alkoxyphospholipids, 3-phosphatidylinositol , and 

3 -phosphatidyl glycerol, and the like; and the like. 

The use amount of the support of the present 
invention in the hydrolysis of phosphodiester is not 
particularly limited. However, too small amounts may result 
in a considerably reduced reaction rate, while too large 
amounts may be disadvantageous from an economical standpoint. 
Consequently, it is preferably from 0.05 to 150 mol , more 
preferably from 0.5 to 70 mol, per mol of the phosphodiester. 

The present invention will be explained in more 
detail by means of Production Examples and Examples. However, 
the present invention should not be construed as being 
limited by these examples in any way. In the following 
Production Examples and Examples, "t-Bu" represents a tert- 
butyl group. 
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Production Example 1 

Synthesis of 5,ll,17,23-tetra-teirt-butyl-25,26,27 ,28- 

tetrahydroxy-2 , 8 , 14 ,20-tetrathia [19. 3 . 1 . 1 3 ' 7 1 9 ' 13 1 15 ' 19 ] octacosa- 
1(25) ,3,5,7(28) ,9,11,13(27) ,15,17,19(26) , 21 , 23-dodecaene (I) : 

To 45.2 g of 4 - tert-butylphenol , 14.4 g elemental 
sulfur and 3.0 g of sodium hydroxide were added, followed by 
heating up to 230°C over 4 hours under stirring in an 
atmosphere of nitrogen, and then stirring for further 2 hours. 
During the reaction, water and a hydrogen sulfide generated 
by the reaction were eliminated. The water distilled during 
the reaction was about 0.8 g, and the hydrogen sulfide formed 
by the reaction was about 6 g. This reaction mixture was 
cooled to room temperature, dissolved in 500 ml of ether 
added, and hydrolyzed with a 1 N aqueous sulfuric acid 
solution. A separated ether layer was washed with water and 
dried with magnesium sulfate. The reaction mixture obtained 
after evaporation of ether was further partitioned by silica 
gel column chromatography (hexane/chloroform) to give a crude 
product. The crude product was recrystallized from 

chloroform/acetone to give 4.32 g of Product (I) as colorless 
transparent crystals. 

This Product (I) is a cyclic alkylphenol sulfide of 
formula (2) in which X 1 = H, Y 1 = t-Bu, Z 1 = S (m 1 = 1) , and n 1 
= 4. 

Physical properties are shown below. 
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Melting point: 320-322°C 

^-NMR: (8, ppm, CDC1 3 ) 9.60 (s, 4H, OH), 7.64 (s , 8H, ArH) , 
1.22 (s, 36H, C(CH 3 ) 3 ) 

13 C-NMR: (6, ppm, CDC 13 ) 155.6, 144.7, 136.4, 120.5 (Ar) , 34.2 
(C(CH 3 ) ) , 31.3(C(CH 3 ) 3 ) 

IR: (an" 1 , KRS-5) 3324 (OH) , 2962 (CH) 
MS m/z: 720 (M*") 
Elemental analysis (%) : 

Calculated for C 40 H 48 S 4 O 4 : C: 66.62; H: 6.71; S: 17.79 

Found: C, 66.37; H, 6.57; S, 17.22 

Production Example 2 

Synthesis of sodium 25 , 26 , 27 ,28-Tetrahydroxy-2 , 8 , 14 , 20- 
tetrathia [19 .3.1. 1 3 ' 7 1 9 ' 13 1 15 ' 19 3 octacosa- 

1 (25) ,3,5,7(28) ,9,11,13(27) ,15,17,19(26) , 21 , 23-dodecaene- 
5,11,17,23-tetrasulfonate (II): 

In 15 ml of concentrated sulfuric acid was suspended 
152 mg of the cyclic phenol sulfide (I) obtained in 
Production Example - 1, heated up to 80°C and allowed to react 
for 4 hours . After this reaction liquid was allowed to cool 
and then diluted to 100 ml with purified water, the unreacted 
cyclic phenol sulfide was filtered off. Thereafter, sodium 
chloride was added, followed by salting out to obtain 203 mg 
of a white powder. Salting out was further conducted several 
times to obtain 151 mg of Product (II) . 



- 36 - 




This Product (II) is a cyclic phenol sulfide 
represented by formula (2) in which X 1 = H, Y 1 = S0 3 Na, m 1 = 1 , 
and n 1 = 4 . 

Physical properties are shown below. 
Melting point: 370-390°C (decomposition point) 
X H-NMR: (8, ppm, 25 mg/0 . 6 ml D 2 0) 8.87 (s, 8H, ArH) 
13 C-NMR: (5, ppm, 25 mg/0 . 6 ml D 2 0) 139.30, 136.89, 129.08, 
124.79 (Ar) 

FAB-MS (m/z) : 905 (M++1) 
Elemental analysis (%) : 

Calculated for C 24 H 12 S 8 O ie Na 4 : C: 31.46; H: 2.83; S: 

28.35; Na: 10.16 

Found: C: 31.2; H: 3.1; S: 28.7; Na : 10.1 
Production Example 3 

Synthesis of 5 , 11 , 17 ,23-Tetra-tert-butyl -25,26, 27 ,28- 

tetrahydroxy-2 , 8 , 14 ,20-tetrasulf inyl [19.3.1. x 3 ' 1 ! 9 ' 13 ! 13 ' 19 ] - 
octacosa-1 (25) , 3 , 5 , 7 (28) , 9 , 11 , 13 (27) , 15 , 17 , 19 (26) ,21,23- 
dodecaene (III) : 

In 30 ml of chloroform was dissolved 1.8 g of the 
cyclic phenol sulfide (I) obtained in Production Example 1. 
A solution prepared beforehand by dissolving 5.7 g of 30% 
aqueous hydrogen peroxide solution in 100 ml of glacial 
acetic acid was added dropwise to the chloroform solution at 
room temperature over 30 minutes, followed by stirring at 
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room temperature for 24 hours. To the reaction solution 
obtained, 150 ml of water was added. This mixture was 
extracted with chloroform (50 ml x 3) , and the chloroform 
layer was washed with water. After the layer was dried with 
anhydrous magnesium sulfate, the solvent was distilled off to 
obtain 522 mg of a white powder, which was sufficiently 
washed with methanol. Thus, 485 g of Product (III) was 
obtained. 

This Product (III) is a cyclic phenol sulfinyl 
compound represented by formula (2) wherein X 1 = H, Y 1 = t-Bu, 
Z 1 = sulfinyl, and n 1 = 4 . 

Physical properties are shown below. 
Melting point: 210°C (decomposition point) 

1 H-NMR: (5, ppm, C1 2 CDCDC1 2 ) 9.20 (s, 4H, OH), 7.61 (s, 8H, 
ArH) , 1.26 (s, 36H, C(CH 3 ) 3 ) 

"C-NMR: (8, ppm, C1 2 CDCDC1 2 ) 152.7, 142.4, 130.2, 128.0, 
124.2, 122.8 (Ar) , 34.8 (C(CH 3 ) 3 ), 31.4 <C(CH 3 ) 3 ) 

FT-IR: (an" 1 , KBr) 3074 (br, OH), 2960 (s, CH) , 1051, 998 (s, 
SO) 

MS: (m/z) 785 (M++1) 
Elemental analysis (%) : 

Calculated for C 40 H 48 S 4 O e : C: 61.20; H: 6.16; S: 16.34 

Found: C: 61.1; H: 6.3; S: 15.9 
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Example 1 

Production of complex of cyclic phenol sulfide (I) obtained 
in Production Example 1 (represented by formula (2) in which 
X 1 = H, Y 1 = t-Bu, Z 1 = S (m 1 = 1) , and n 1 = 4) with metal: 

In a 30-ml screw vial, 10 ml of a solution prepared 
by dissolving the cyclic phenol sulfide (I) in chloroform in 
a concentration of lxl 0" 3 M and 10 ml of an aqueous solution 
prepared by dissolving each of MnCl 2 , FeCl 2 , and CoCl 2 in 
water in a concentration of lxlO" 3 M (adjusted to pH = 8.0 
with Tris-HCl) were placed, followed by shaking at room 
temperature for 24 hours. After the mixture was allowed to 
stand, the chloroform layer was separated from the aqueous 
layer, and the chloroform was evaporated. The products were 
a white powder, a purple powder, and a yellow-green powder, 
respectively . 

The complexes obtained are cyclic phenol sulfide 
metal complexes (IV) , (V) , and (VI) represented by formula 
(1) in which X = H, Y = t-Bu, Z=S (m=l), n=4, p=l, q 
= 1, and M is Mn , Fe, and Co, respectively. 

Physical properties are shown below. 
Cyclic phenol sulfide manganese complex (IV) : 

UV-VIS (CHC1 3 ) : ?L sh 317 ran (elOlOO) , A.307 nm (E11500) , 51297 nm 
(B11500) , X242 nm (E19100) 
Elemental analysis (%) : 
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Calculated for C 40 H 48 S 4 O 4 Mn : C: 62.1; H: 6.0; S: 16.6; 
Mn: 7.1 

Found: C: 61.1; H: 6.0; S: 15.9; Mn : 6.8 
Cyclic phenol sulfide iron complex (V) : 

UV-VIS (CHC1 3 ) : X500 ran (s278) , l sh 302 nm (sl5100) , 1296 ran 
(S19000) 

Elemental analysis (%) 

Calculated for C 40 H 48 S 4 O 4 Fe : C: 62.0; H: 6.0; S: 16.5; 
Fe: 7.2 

Found: C: 61.3; H: 6.1; S: 16.1; Fe : 7.0 
Cyclic phenol sulfide cobalt complex (VI) : 

UV-VIS (CHC1 3 ) : X301 nm (e14300) , l sh 295 nm (sll500) , 1244 nm 
(819900) 

Elemental analysis (%) 

Calculated for C 40 H 48 S 4 0 4 Co : C: 61.8; H: 5.9; S: 16.5; 
Co: 7.6 

Found : C : 61.0; H : 5.9; S : 15.9; Co : 8.0 _ 



- 40 - 



Example 2 

Production of complex of cyclic phenol sulfide (I) obtained 
in Production Example 1 (represented by formula (2) in which 
X 1 — H, Y 1 = t-Bu, Z 1 = S (m 1 = 1) , and n 1 = 4) with metal: 

In 30 ml of toluene, 1.0 g of the cyclic phenol 
sulfide (I) was dissolved, and 4 0 ml of a solution prepared 
by dissolving 1.49 g of bis (bis (trimethylsilyl) amido) cobalt 
in toluene/hexane was added thereto, followed by refluxing 
with heating. At the time when a half of the solvent had 
been evaporated, 20 ml of tetrahydrof uran was added thereto, 
followed by cooling. The product was yellow-green columnar 
crystals . 

The complex obtained was a cyclic phenol sulfide 
metal complex (VI) represented by formula (1) in which X = H, 
Y = t-Bu, Z = S (m = 1) , n = 4, p = 1, q = 1, and M = Co. 

Example 3 

Production of complex of cyclic phenol sulfinyl compound 
(III) obtained in Production Example 3 (represented by 
formula (2) in which X 1 = H, Y 1 = t-Bu, Z 1 = SO (sulfinyl) , 
and n = 4) with metal: 

In 2 ml of chloroform, 50 mg of the cyclic phenol 
sulfinyl compound (III) was dissolved. Each of an aqueous 
MgS0 4 solution (prepared by dissolving 7.7 mg in 1 ml of 
water and adjusting the pH to 8.0 with Tris-HCl) and an 
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aqueous Ba(OH) 2 solution (prepared by dissolving 11 mg in 2 
ml of water) was added thereto, followed by shaking at room 
temperature for 3 hours. The precipitates were taken out by 
filtration and dried. As a result, 16.8 mg of a white powder 
and 34.8 mg of another white powder were obtained as products. 

The complexes obtained were cyclic phenol sulfinyl 
compound metal complexes (VII) and (VIII) represented by 
formula (1) in which X = H, Y = t-Bu, Z = SO (sulfinyl) , n = 
4, P = 1/ q = 1, and M is Mg and Ba, respectively. 

Physical properties are shown below. 
Cyclic phenol sulfinyl compound magnesium complex (VII) : 
Elemental analysis (%) : 

Calculated for C 40 H 48 S 4 O 8 Mg : C: 59.5; H: 5.7; S: 15.9; 

Mg: 3.0 

Found: C: 58.4; H: 5.5; S: 15.7; Mg: 2.8 

Cyclic phenol sulfinyl compound barium complex (VIII) : 
Elemental analysis (%) : 

Calculated for C 40 H 48 S 4 O 8 Ba : C: 52.2; H: 5.0; S: 13.9; 

Ba: 14.9 

Found: C: 51.4; H: 4.9; S: 13.3; Ba: 14.0 



- 42 - 



+ 



Example 4 

Production of complex of sodium cyclic phenol sulfide 
sulfonate (II) obtained in Production Example 2 (represented 
by formula (2) wherein X 1 = H, Y 1 = S0 3 Na, m 1 = 1 , and n 1 = 4) 
with metal and of ion exchanger having the same: 

To an aqueous solution prepared by dissolving 45.2 mg 
of the sodium cyclic phenol sulfide sulfonate (II) in 50 ml 
of water, 10 ml of an aqueous solution prepared by dissolving 
Fe (NH 4 ) 2 (S0 4 ) 2 -6H 2 0 in a concentration of l.OxlO" 2 M was 
gradually added dropwise under stirring, followed by further 
stirring for 1 hour. The unreacted iron ions were removed by 
adding 200 mg of a cation-exchange resin (Dowex MSC-1, 
manufactured by Muromachi Kagaku Kogyo Kaisha, Ltd.) to the 
reaction solution, followed by further stirring for 1 hour, 
and filtering off the cation-exchange resin. 

The complex obtained is a cyclic phenol sulfide 
sulfonic acid iron complex (IX) represented by formula (3) in 
which X = H, Y = S0 3 Na , m=l, n = 4 , p = l, q=l, and M 1 = 
Fe. 

To a solution prepared by suspending 500 mg of an 
anion exchanger (DEAE cellulof ine-sf , manufactured by 
Seikagaku Corporation) in 20 ml of water, 60 ml of an aqueous 
solution of the cyclic phenol sulfide sulfonic acid iron 
complex (IX) described above was gradually added dropwise, 
followed by stirring for 1 hour. 
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The ion exchanger obtained was filtered off with a 
membrane filter, sufficiently washed with water, and then 
dried in vacuo over P 2 O s . 

Although the original ion exchanger was white, the 
cyclic phenol sulfide sulfonic acid iron complex (IX) /ion 
exchanger obtained was reddish-brown. The amount of the iron 
complex (IX) supported was lxlO" 4 mol per g of the anion 
exchanger . 

Example 5 

Production of ion exchanger having cyclic phenol sulfide 
sulfonic acid iron complex (IV) by preparing ion exchanger 
having cyclic phenol sulfide sulfonic acid beforehand and 
then incorporating iron ion thereinto: 

An aqueous solution prepared by dissolving 45.2 mg of 
the sodium cyclic phenol sulfide sulfonate (II) obtained in 
Production Example 2 in 50 ml of water was gradually added 
dropwise, under stirring, to a solution prepared by 
suspending 500 mg of an anion exchanger (DEAE cellulof ine-sf , 
manufactured by Seikagaku Corporation) in 20 ml of water, 
followed by further stirring for 1 hour. The ion exchanger 
obtained was filtered off with a membrane filter, 
sufficiently washed with water, and then dried In vacuo over 
P 2 0 s . 

- 44 - 




Subsequently, 10 ml of an aqueous solution prepared 
by dissolving Fe (NH 4 ) 2 (S0 4 ) 2 -6H z O in a concentration of l.OxlO -2 
M was gradually added dropwise, under stirring, to a solution 
prepared by suspending 100 mg of the ion exchanger described 
above in 20 ml of water, followed by further stirring for 1 
hour. The thus-obtained anion exchanger having a cyclic 
phenol sulfide sulfonic acid iron complex was filtered off 
with a membrane filter, sufficiently washed with water, and 
then dried in vacuo with P 2 O s . 

It was reddish-brown like the cyclic phenol sulfide 
sulfonic acid iron complex (IX) /ion exchanger prepared in 
Example 4 . 

Example 6 

Evaluation of anion exchanger having cyclic phenol sulfide 
sulfonic acid iron complex (IX) for catalytic activity in 
oxidation with hydrogen peroxide: 

To a mixed solution consisting of 1 ml of a solution 
containing 35 p.g of hydrogen peroxide, 1 ml of a 1 mg/ml 
solution of 4-AAP, 1 ml of a 5 mg/ml phenol solution, and 3 
ml of a pH buffer, 20 ml of the anion exchanger obtained in 
Example 5 having a cyclic phenol sulfide sulfonic acid iron 
complex (IX) was added, followed by shaking at room 
temperature for 1 hour. The pH range was from 3 to 11. The 
buffer was prepared using 0.1 M sodium citrate and 0.1 M HC1 
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for pH's of from 3 to 4 , one prepared using 0.1 M KH 2 P0 4 and 
0.05 M Na 2 B 4 0 7 for pH ranges of from 5 to 9 , or prepared using 
0.05 M Na 2 B 4 0 7 and 0.05 M Na 2 C0 3 for pH ranges of from 10 to 11. 
Subsequently, the ion exchanger having a cyclic phenol 
sulfide sulfonic acid iron complex was filtered out of the 
reaction liquid with a membrane filter. Thereafter, the 
solution obtained was examined for absorbance at 505 nm. 
The results are shown in Fig. 1. 

As a result, absorption at 505 nm was observed, which 
indicated that a quinoid type dye had been yielded from 4-AAP 
and phenol by the action of hydrogen peroxide in the presence 
of the anion exchanger having a cyclic phenol sulfide 
sulfonic acid iron complex (IX) . The absorption was maximum 
at around pH = 10. 

Example 7 

Quantitative analysis for hydrogen peroxide: 

At hydrogen peroxide concentrations of from 0 to 100 
(j.g/ml and pH = 10, coloring by a quinoid type dye was 
examined in terms of absorption at 505 nm in the same manner 
as in Example 6 . 

The results are shown in Fig. 2. 

There is a linear relationship between the increase 
in absorbance and the amount of hydrogen peroxide. 
Consequently, a quantitative analysis for hydrogen peroxide 
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can be conducted by determining the absorbance at 505 nm and 
thereby determining the amount of the quinoid type dye 
yielded by the reaction of hydrogen peroxide, 4-AAP, and 
phenol by the catalytic action of the cyclic phenol sulfide 
sulfonic acid iron complex (IX) . 

Example 8 

Evaluation of reproducibility of catalytic activity of anion 
exchanger having cyclic phenol sulfide sulfonic acid iron 
complex (IX) in oxidation with hydrogen peroxide: 

Determination was repeatedly made three times by the 
same method as in Example 1, except that the cyclic phenol 
sulfide sulfonic acid iron complex (IX) was repeatedly used. 

As a result, the absorbances observed in all the 
three measurements were almost the same. The same activity 
was reproduced even when the cyclic phenol sulfide sulfonic 
acid iron complex (IX) was repeatedly used. Consequently, 
the cyclic phenol sulfide sulfonic acid iron complex (IX) can 
withstand repetitions of use as a catalyst for oxidation by 
hydrogen peroxide . 
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Example 9 

Production of ion exchanger having cyclic phenol sulfide 
sulfonic acid cerium complex (X) by preparing ion exchanger 
having cyclic phenol sulfide sulfonic acid beforehand and 
then incorporating cerium ion thereinto: 

An aqueous solution prepared by dissolving 45.2 mg of 
the sodium cyclic phenol sulfide sulfonate (II) obtained in 
Production Example 2 in 50 ml of water was gradually added 
dropwise, under stirring, to a solution prepared by 
suspending 500 mg of an anion exchanger (DEAE cellulofine A- 
500, manufactured by Seikagaku Corporation) in 20 ml of water, 
followed by further stirring for 1 hour. The ion exchanger 
obtained was filtered off with a membrane filter, 
sufficiently washed with water, and then dried In vacuo over 
P 2 O s . The color of this ion exchanger having a cyclic phenol 
sulfide sulfonic acid supported thereon was white. 

Subsequently, 10 ml of an aqueous solution prepared 
by dissolving Ce (NH 4 ) 2 (N0 3 ) 6 in a concentration of l.OxlO" 2 M 
(considerably light yellow) was gradually added dropwise, 
under stirring, to a solution prepared by suspending 500 mg 
of the ion exchanger described above in 20 ml of water, 
followed by further stirring for 1 hour. The thus-obtained 
anion exchanger having a cyclic phenol sulfide sulfonic acid 
cerium complex (X) was filtered off with a membrane filter, 
sufficiently washed with water, and then dried In vacuo over 
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P 2 0 s . This anion exchanger having a cyclic phenol sulfide 
sulfonic acid cerium complex (X) supported thereon had a 
chocolate color. 

The molar ratio of the cyclic phenol sulfide sulfonic 
acid to cerium ions in the thus -obtained ion exchanger having 
the cyclic phenol sulfide sulfonic acid cerium complex (X) 
was calculated from the Ce 4+ ion concentration in 20 ml of 
the filtrate determined by conducting chelatometric titration 
with 0.01 M EDTA (ethylenediaminetetraacetic acid ester) 
solution, and was found to be 1:1. 

Example 10 

Production of complex of cyclic phenol sulfide sulfonic acid 
with cerium ion and of ion exchanger having the same: 

To an aqueous solution prepared by dissolving 45.2 mg 
of the sodium cyclic phenol sulfide sulfonate (II) in 50 ml 
of water, 10 ml of an aqueous solution prepared by dissolving 
Ce(NH 4 ) 2 (N0 3 ) 6 in a concentration of l.OxlO" 2 M was gradually 
added dropwise under stirring, followed by further stirring 
for 1 hour. The unreacted cerium ions were removed by adding 
200 mg of a cation-exchange resin (Dowex MSC-1 , manufactured 
by Muromachi Kagaku Kogyo Kaisha, Ltd.) to the reaction 
solution, further stirring the mixture for 1 hour, and 
filtering off the cation-exchange resin. 
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The complex (X) obtained is a cyclic phenol sulfide 
sulfonic acid cerium complex represented by formula (1) 
wherein X = H, Y = S0 3 Na, Z = Sm, m=l, n = 4 , p = 1 , q = 1 , 
and M = Ce. 

Subsequently, 50 ml of an aqueous solution of the 
cyclic phenol sulfide sulfonic acid cerium complex (X) 
described above was gradually added dropwise to a solution 
prepared by suspending 500 mg of an anion exchanger (DEAE 
cellulofine A-500, manufactured by Seikagaku Corporation) in 
20 ml of water, followed by further stirring for 1 hour. 

The ion exchanger obtained was filtered off with a 
membrane filter, sufficiently washed with water, and then 
vacuum-dried on P 2 O s . The amount of the cerium complex (X) 
supported was lxlO -4 mol per g of the anion exchanger. 

Example 11 

Deposition of cyclic phenol sulfide sulfonic acid cerium 
complex (X) on chitosan: 

In 175 ml of 0.05 N hydrochloric acid solution was 
dissolved 0.5 g of chitosan (Chitosan 500, manufactured by 
Seikagaku Corporation) . Thereafter, 280 ml of water was 
added to obtain an aqueous chitosan solution. A solution 
prepared by dissolving 45.2 mg of the sodium cyclic phenol 
sulfide sulfonic acid (II) obtained in Production Example 2 
in 50 ml of water was gradually added dropwise to the 
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chitosan solution with stirring at room temperature, followed 



bicarbonate solution was added to the resultant solution so 
as to make it neutral . The precipitate yielded was filtered 
off with a membrane filter, sufficiently washed with water, 
and then dried in vacuo over P 2 O s . The color of this chitosan 
having a cyclic phenol sulfide sulfonic acid supported 
thereon was white. Subsequently, 10 ml of an aqueous 
solution prepared by dissolving Ce (NH 4 ) 2 (NO s ) s in a 
concentration of l.OxlO" 2 M was gradually added dropwise, 
under stirring at room temperature, to 20 ml of a solution 
prepared by suspending 0.5 g of the chitosan having a cyclic 
phenol sulfide sulfonic acid supported thereon in water, 
followed by further stirring for 1 hour. The thus-obtained 
chitosan having a cyclic phenol sulfide sulfonic acid cerium 
complex (X) was filtered off with a membrane filter, 
sufficiently washed with water, and then dried In vacuo over 
P 2 0 5 . This chitosan having a cyclic phenol sulfide sulfonic 
acid cerium complex (X) supported thereon had a chocolate 
color. Incidentally, the amount of the cerium complex (X) 
supported was 5.0xl0~ s mol per 0.5 g of the chitosan. 



by further stirring for 1 hour. 



An 



aqueous 



sodium 
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Example 12 

Catalytic activity of anion exchanger obtained in Example 10 
having cyclic phenol sulfide sulfonic acid cerium complex (X) 
in hydrolysis of phosphodi ester : 

Sodium bis (p-nitrophenyl) phosphate (BNPP) was used 
as a phosphodiester . The presence of a p-nitrophenolate 
(Xmax: 400 nm) as a hydrolyzate thereof in a reaction liquid 
was determined by determining the absorbance at 400 nm. 

To a mixed solution consisting of 3 ml of a 2xl0~ 4 M 
solution of BNPP and 3 ml of a buffer solution, 20 ml of the 
ion exchanger having a cyclic phenol sulfide sulfonic acid 
cerium complex (X) was added, followed by shaking at room 
temperature for 1 hour. The pH range was from 4 to 11. The 
buffer solution was prepared using 0.1 M CH 3 C00H and 0.1 M 
CH 3 COONa for pH ranges of from 4 to 6, prepared using 1/30 M 
KH 2 P0 4 and 1/30 M Na 2 HP0 4 for a pH of 7 , or prepared using 0.1 
M NH 4 OH and 0.1 M NH 4 C1 for pH ranges of from 8 to 11. 
Subsequently, the ion exchanger having a cyclic phenol 
sulfide sulfonic acid cerium complex (X) was filtered out of 
the reaction liquid with a membrane filter. The solution 
obtained was examined for absorbance at 400 nm. 

The results are shown in Fig. 3. 

As a result, absorption at 400 nm was observed, which 
indicated that the BNPP had been hydrolyzed in the presence 
of the anion exchanger having a cyclic phenol sulfide 
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sulfonic acid cerium complex (X) and a p-nitrophenolate had 
been yielded. The absorption was maximum at around pH = 9. 

Example 13 

Catalytic activity of anion exchanger obtained in Example 9 
having cyclic phenol sulfide sulfonic acid cerium complex (X) 
in hydrolysis of phosphodiester : 

Absorbance at 4 00 nm was determined in the same 
manner as in Example 12 , except that the anion exchanger 
obtained in Example 9 having a cyclic phenol sulfide sulfonic 
acid cerium complex (X) was used in place of the anion 
exchanger obtained in Example 10 having a cyclic phenol 
sulfide sulfonic acid cerium complex (X) . 

As a result, even when the anion exchanger obtained 
in Example 9 having a cyclic phenol sulfide sulfonic acid 
cerium complex (X) was used, the same absorbance was obtained 
as in the case where the anion exchanger obtained in Example 
10 having a cyclic phenol sulfide sulfonic acid cerium 
complex (X) was used. 

It can be seen that the same ion exchanger having a 
cyclic phenol sulfide metal complex was prepared in the case 
where the cyclic phenol sulfide metal complex was formed 
beforehand and the ion exchanger was prepared thereafter and 
in the case where an ion exchanger having a cyclic phenol 
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sulfide was prepared first and the metal was incorporated 
thereafter . 

Example 14 

Catalytic activity of chitosan obtained in Example 11 having 
cyclic phenol sulfide sulfonic acid cerium complex (X) 
supported thereon in hydrolysis of phosphodiester : 

Absorbance at 400 ran was determined in the same 
manner as in Example 12, except that the chitosan obtained in 
Example 11 having a cyclic phenol sulfide sulfonic acid 
cerium complex (X) supported thereon was used in place of the 
anion exchanger used in Example 12 having a cyclic phenol 
sulfide sulfonic acid cerium complex (X) . 

As a result, even when the chitosan having a cyclic 
phenol sulfide sulfonic acid cerium complex (X) supported 
thereon was used, the same results were obtained as the 
absorbance obtained in the case where the anion exchanger 
having a cyclic phenol sulfide sulfonic acid cerium complex 
(X) was used in Example 12 . 
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Example 15 

Reproducibility of catalytic activity of anion exchanger 
having cyclic phenol sulfide sulfonic acid cerium complex (X) 
in hydrolysis of phosphodi ester : 

An anion exchanger having a cyclic phenol sulfide 
sulfonic acid cerium complex (X) was prepared in the same 
manner as in Example 9, except that the metal was 
incorporated under conditions of 60°C in place of room 
temperature . 

This ion exchanger having a cyclic phenol sulfide 
sulfonic acid cerium complex (X) was repeatedly used to 
repeatedly make determination five times at a pH of 9 by the 
same method as in Example 12 . 

The results are shown in Fig. 4. 

As a result, the absorbances observed in all the five 
measurements were almost the same. The same activity was 
reproduced even when the ion exchanger having a cyclic phenol 
sulfide sulfonic acid cerium complex (X) was repeatedly used. 
Consequently, the anion exchanger having a cyclic phenol 
sulfide sulfonic acid cerium complex (X) can withstand 
repetitions of use as a catalyst for hydrolysis of 
phosphodiester . 
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Industrial Applicabilit y 

The cyclic phenol sulfide metal complex of the 
present invention can be used in applications, such as 
catalysts for various chemical reactions, 

information/electronic materials, and the like. Furthermore, 
it has a catalytic activity in oxidations with hydrogen 
peroxide and an activity in the hydrolysis of phosphodiester . 
The method for analyzing hydrogen peroxide of the present 
invention can be used to conduct quantitative analysis for 
hydrogen peroxide. 
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CLAIMS 

1 . A cyclic phenol sulfide metal complex represented 
by formula (1) : 




( 1 ) 



{wherein X represents a hydrogen atom, a hydrocarbon 
group, a carboxyalkyl group, or a carbamoyl alkyl group; 

Y represents a hydrogen atom, a hydrocarbon group, a 
halogenated hydrocarbon group, a halogen atom, an acyl group, 
a hydroxyl group, a carboxyl group, an ami do group, an amino 
group, a nitro group, a cyano group, a chlorosulfonic acid 
group, an alkoxysulf onyloxy group, or a sulfonic acid group; 

Z represents Sm, SO, or SO z ; 

m represents an integer of from 1 to 7; 

n represents an integer of from 4 to 8 ; 

M represents a metal of the Groups 8, 1A to 7A, IB or 

3B ; and 

p and q represent a composition ratio and an integer 
of 1 or more) . 



- 57 - 




2 . A process for producing the cyclic phenol sulfide 
represented described in claim 1, comprising bringing a 
cyclic alkylphenol sulfide represented by formula (2) : 

( 2 ) 

(•wherein X 1 represents a hydrogen atom, a hydrocarbon 
group, a carboxyalkyl group, or a carbamoyl alkyl group; 

Y 1 represents a hydrogen atom, a hydrocarbon group, a 
halogenated hydrocarbon group, a halogen atom, an acyl group, 
a hydroxyl group, a carboxyl group, an ami do group, an amino 
group, a nitro group, a cyano group, a chlorosulf onic acid 
group, an alkoxysulf onyloxy group, or a sulfonic acid group; 

Z 1 represents Sm 1 , SO, or S0 2 ; 

m 1 is an integer of from 1 to 7; 

n 1 is an integer of from 4 to 8) 
into contact with at least one selected from metals of the 
Group 8, 1A to 7A, IB and 3B. 

3. A composition for catalyzing a chemical reaction, 
comprising the cyclic phenol sulfide metal complex 
represented by formula (1) described in claim 1, and a 
carrier . 
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4. A composition having a catalytic activity for an 
oxidation by hydrogen peroxide, comprising a cyclic phenol 
sulfide metal complex represented by formula (3) : 




( 3 ) 



(wherein X represents a hydrogen atom, a hydrocarbon 
group, a carboxyalkyl group, or a carbamoyl alky 1 group ; 

Y represents a hydrogen atom, a hydrocarbon group, a 
halogenated hydrocarbon group, a halogen atom, an acyl group, 
a hydroxyl group, a carboxyl group, an amido group, an amino 
group, a nitro group, a cyano group, a chl or o sulfonic acid 
group, an alkoxysulf onyloxy group, or a sulfonic acid group; 

Z represents Sm, SO, or SO z ; 

m represents an integer of from 1 to 7; 

n represents an integer of from 4 to 8; 

M represents a transition metal or a rear earth 
metal ; and 

p and q represent a composition ratio and an integer 
of 1 or more) 
and a carrier. 
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5 . The composition according to claim 4 , wherein the 
sulfonic acid group represented by Y is sulfonic acid, or a 
metal salt, an ammonium salt, a (lower alkyl) ammonium salt, a 
(lower alkanol) ammonium salt or a pyridinium salt of sulfonic 
acid. 

6. A method of oxidation by hydrogen peroxide, 
comprising, reacting hydrogen peroxide in the presence of the 
cyclic phenol sulfide metal complex represented by formula 
(3) described in claim 4 . 

7. The method according to claim 6, wherein the 
cyclic phenol sulfide metal complex is mixed with or 
supported on a solid carrier. 

8. A method of analysis for hydrogen peroxide, 
comprising detecting hydrogen peroxide by reacting the 
hydrogen peroxide in the presence of the cyclic phenol 
sulfide metal complex described in claim 4 . 

9 . The method according to claim 8 , wherein the 
cyclic phenol sulfide metal complex is mixed with or 
supported on a solid carrier. 
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10 . A catalyst composition for hydrolysis of 
phosphodiester comprising a cyclic phenol sulfide metal 
complex represented by formula (3) : 




C 3 ) 



(wherein X represents a hydrogen atom, a hydrocarbon 
group, a carboxyalkyl group, or a carbamoyl alkyl group; 

Y represents a hydrogen atom, a hydrocarbon group, a 
halogenated hydrocarbon group, a halogen atom, an acyl group, 
a hydroxyl group, a carboxyl group, an ami do group, an amino 
group, a nitro group, a cyano group, a chlorosulf onic acid 
group, an alkoxysulf onyloxy group, or a sulfonic acid group; 

Z represents Sm, SO, or S0 2 ; 

m represents an integer of from 1 to 7; 

n represents an integer of from 4 to 8; 

M represents a transition metal or a rear earth 
metal ; and 

p and q represent a composition ratio and an integer 
of 1 or more) 
and a carrier. 
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11. The composition according to claim 10, wherein 
the sulfonic acid group represented by Y is sulfonic acid, or 
a metal salt, an ammonium salt, a (lower alkyl) ammonium salt, 
a (lower alkanol) ammonium salt or a pyridinium salt of 
sulfonic acid. 

12. A method for hydrolyzing phosphodiester, 
comprising hydrolyzing phosphodiester in the presence of the 
cyclic phenols sulfide metal complex represented by formula 
(3) descried in claim 10. 

13. The method according to claim 12, wherein the 
cyclic phenol sulfide metal complex is mixed with or 
supported on a solid support. 

14. Use of the cyclic phenol sulfide metal complex 
represented by formula (3) described in claim 4 as a catalyst 
for oxidation by hydrogen peroxide . 

15. Use of the cyclic phenol sulfide metal complex 
represented by formula (3) described in claim 10 as a 
catalyst for hydrolysis of phosphodiester. 
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^ ate Third Inventor Koichi AKASHI 

':=f First Name Middle Initial Last Name 

Residence Kagawa Japan Signature 

City State/Country 

Mailing Address: 35-1, Matsubara, Shirotori-cho, Ookawa-gun, Kagawa 769-2702 JAPAN 

■Citizenship Japanese 



i iE>ate Fourth Inventor Sotaro MIYANO 

First Name Middle Initial Last Name 

Residence Miyagi Japan Signature 

City State/Country 

Mailing Address: 12-6, Hitokita 1-chome, Taihaku-ku, Sendai-shi, Miyagi 982-0222 JAPAN 

Citizenship Japanese 



Date , Fifth Inventor Nobuhiko IKI 

First Name Middle Initial Last Name 

Residence Miyagi Japan Signature 

City State/Country ~ 

Mailing Address: 1-14, Kameoka Jutaku Daiichichiku, 68, Kawauchikameokacho, Aoba-ku, Sendai-shi, Miyagi 980-0865 

JAPAN 



Citizenship Japanese 



Naoya 



Residence Miyagi 
City 

Mailing Address: 



State/Country 

15-5, Shouryou 2-chome, Izumi-ku, Sendai-shi, Miyagi 981-3108 JAPAN 



Date: 


Date: 


Seventh inventor Haruhiko Takeva 


Legal Representative 




of Seventh Inventor Kazuo Takeva 


Signature Tdeceasedl 




Signature 


Residence Saitama. Japan 






Residence Hvoeo. Japan 


Post Office Address 




Post Office Address 


, e/o COSMO RESEARCH INSTITUTE, RESEARCH & 




,. DEVELOPMENT CENTER, 1 134-2, Gongendo, Satte-shi, 


6-12, Seiryodai 7-chome, Tarumi-ku, Kobe-shi 


Saitama 340-01 12 JAPAN 


Hyogo 655-0038 JAPAN 


Citizenship Japanese 


Citizenship Japanese 



Eighth Inventor Setsuko 



Residence Saitama 



Japan 



State/Country 



^Mailing Address: 



c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 
Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 



Citizenship Japanese 
Date 



Ninth Inventor Hitoshi 



Middle Initial Last Name 



Residence Saitama 
City 

Mailing Address: 



Japan 



Signatur 



c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 
Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 



Citizenship Japanese 



SOLE/JOINT 



DECLARATION AND POWER OF ATTORNEY 
As a below named inventor, I hereby declare that my residence, mailing address and citizenship are as stated below next to my name: 
that I verily believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter claimed and for which a patent is sought in the application entitled: 

CYCLIC PHENOL SULFIDE METAL COMPLEX, CATALYSTS COMPRISING 
THE SAME, AND METHOD FOR ANALYZING HYDROGEN PEROXIDE 



which application is: 

□ the attached application 0 Application No. 09/830,032, filed on April 20, 2001 as the 

U.S. national stage of PCT/JP99/058 1 9, 
filed October 21, 1999 

(for original application) (for declaration not accompanying application) 



that I have reviewed and understand the contents of the specification of the above-identified application, including the claims, as 
amended by any amendment referred to above; that I acknowledge my duty to disclose information of which I am aware and which is 
material to the patentability of this application as defined in 37 C.F.R. 1.56, that I hereby claim priority benefits under Title 35, United 
States Code §119(a)-(d) or §365(b) of any foreign application(s) for patent or inventor's certificate, § 119(e) of any United States 
provisional application(s), or §365(a) of any PCT International application which designated at least one country other than the United 
Slates of America, listed below and have also identified below any foreign application for patent or inventor's certificate or of any 
ITCT International application having a filing date before that of the application on which priority is claimed: 

■ ~ Application Number Country Filing Date Priority Claimed 

g Hei. 10-318333 Japan October 22, 1998 Yes 

p Hei. 11-144750 Japan May 25, 1999 Yes 

Ithereby claim the benefit under 35 United States Code §120 of any United States application(s), or §365(c) of any PCT International 
.application designating the United States, listed below and, insofar as the subject matter of each of the claims of this application is not 
idjsclosed in a listed prior United States or PCT International application in the manner provided by the first paragraph of Title 35, 
^nited States Code, §112, I acknowledge my duty to disclose any information material to the patentability of this application as 
^fined in 37 C.F.R. 1.56 which occurred between the filing date of the prior application and the national or PCT international filing 
'dlte of this application: 

Q Application No. Filing Date Status 



I hereby appoint John H. Mion, Reg. No. 18,879; Thomas J. Macpeak, Reg. No. 19,292; Robert J. Seas, Jr., Reg. No. 21,092; Darryl 
Mexic, Reg. No. 23,063; Robert V. Sloan, Reg. No. 22,775; Peter D. Olexy, Reg. No. 24,513; J. Frank Osha, Reg. No. 24,625; 
Waddell A. Biggart, Reg. No. 24,861; Louis Gubinsky, Reg. No. 24,835; Neil B. Siegel, Reg. No. 25,200; David J. Cushing, Reg! No! 
28,703; John R. Inge, Reg. No. 26,916; Joseph J. Ruch, Jr., Reg. No. 26,577; Sheldon I. Landsman, Reg. No. 25,430; Richard C. 
Turner, Reg. No. 29,710; Howard L. Bernstein, Reg. No. 25,665; Alan J. Kasper, Reg. No. 25,426; Kenneth J. Burchfiel, Reg. No. 
31,333; Gordon Kit, Reg. No. 30,764; Susan J. Mack, Reg. No. 30,951; Frank L. Bernstein, Reg. No. 31,484; Mark Boland, Reg. No. 
32,197; William H. Mandir, Reg. No. 32,156; Brian W. Hannon, Reg. No. 32,778; Abraham J. Rosner, Reg. No. 33,276; Bruce E. 
Kramer, Reg. No. 33,725; Paul F. Neils, Reg. No. 33,102; Brett S. Sylvester, Reg. No. 32,765; Robert M. Masters, Reg. No. 35,603, 
George F. Lehnigk, Reg. No. 36,359, John T. Callahan, Reg. No. 32,607, Steven M. Gruskin, Reg. No. 36,818, Peter A. McKenna, 
Reg. No. 38,551 and Edward F. Kenehan, Reg. No. 28,962, my attorneys to prosecute this application and to transact all business in 
the Patent and Trademark Office connected therewith, and request that all correspondence about the application be addressed to 
SUGHRUE, MION, ZINN, MACPEAK & SEAS, PLLC, 2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3213. 
In the case of the seventh named inventor below, Mr. Haruhiko Takeya (deceased), each of the above statements is made on 
information and belief by and on behalf of Mr. Takeya, by Mr. Kazuo Takeya, who is the father and legal representative of the 
deceased Mr. Takeya. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issuing thereon. 



First Inventor Junichi 



First Name Middle Initial Last Name 



Residence Okayama Japan Signature 

City State/Country 

Mailing Address: 2-27, Tsushimanishizaka 1-chome, Qkayama-shi, Okayama 700-0086 JAPAN 
Citizenship Japanese 



Second Inventor Nobuko 



First Name Middle Initial Last Name 

Residence Hiroshima Japan Signature 

City State/Country 

Mailing Address: 17-5-607, Oosugacho, Minami-ku, Hiroshima-shi, Hiroshima 732-0821 JAPAN 

Citizenship Japanese 



©ate July 6, 2001 Third Inventor Koichi 



First Name Middle Initial Last Name 

Residence Kagawa Japan Signature Ko ickl 

City State/Country 

• Mai I i ng Address: 35-1, Matsubara, Shirotori-cho, Ookawa-gun, Kagawa 769-2702 JAPAN 

; Citizenship Japanese 



Fourth Inventor Sotaro 



First Name Middle Initial Last Name 

Residence Miyagi 



City State/Country 
Mailing Address: 12-6, Hitokita 1-chome, Taihaku-ku, Sendai-shi, Miyagi 982-0222 JAPAN 



Citizenship Japanese 



Fifth Inventor Nobuhiko 



First Name Middle Initial Last Name 



Residence Miyagi Japan Signature 

City State/Country ~~ 

Mailing Address: 1-14, Kameoka Jutaku Daiichichiku, 68, Kawauchikameokacho, Aoba-ku, Sendai-shi, Miyagi 980-0865 

JAPAN 



Citizenship Japanese 



Naoya 



Japan 



City State/Country ~ 

Mailing Address: 15-5, Shouryou 2-chome, Izumi-ku, Sendai-shi, Miyagi 981-3108 JAPAN 



Citizenship Japanese 



Date: _ 



Seventh inventor Haruhiko Takeva 

Signature fdeceased] 

Residence Saitama. Japan 
Post Office Address 

ejfo COSMO RESEARCH INSTITUTE, RESEARCH & 
•DEVELOPMENT CENTER, 1134-2, Gongendo, Satte-shi, 
Saitama 340-01 12 JAPAN 



Legal Representative 

of Seventh Inventor Kazuo Takeva 



Residence Hyogo, Japan 
Post Office Address 



6-12, Seiryodai 7-chome, Tarumi-ku, Kobe-shi 
Hyogo 655-0038 JAPAN 



Citizenship Japanese 



Eighth Inventor Setsuko 



Middle Initial Last Name 



c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 
Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 



Citizenship Japanese 



Ninth Inventor Hitoshi 



Residence Saitama 



Japan 



Middle Initial Last Name 



Mailing Address: 



c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 
Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 



Citizenship Japanese 



SOLE/JOINT 



DECLARATION AND POWER OF ATTORNEY 
As a below named inventor, I hereby declare that my residence, mailing address and citizenship are as stated below next to my name: 
that I verily believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter claimed and for which a patent is sought in the application entitled: 
CYCLIC PHENOL SULFIDE METAL COMPLEX, CATALYSTS COMPRISING 
THE SAME, AND METHOD FOR ANALYZING HYDROGEN PEROXIDE 

which application is: 

□ the attached application 0 Application No. 09/830,032, filed on April 20, 2001 as the 

U.S. national stage of PCT/JP99/05819, 
filed October 21, 1999 

(for original application) (for declaration not accompanying appl ication) 



that I have reviewed and understand the contents of the specification of the above-identified application, including the claims, as 
amended by any amendment referred to above; that I acknowledge my duty to disclose information of which I am aware and which is 
material to the patentability of this application as defined in 37 C.F.R. 1.56, that I hereby claim priority benefits under Title 35, United 
States Code §119(a)-(d) or §365(b) of any foreign application(s) for patent or inventor's certificate, §1 19(e) of any United States 
provisional application(s), or §365(a) of any PCT International application which designated at least one country other than the United 
■SJates of America, listed below and have also identified below any foreign application for patent or inventor's certificate or of any 
;|PCT International application having a filing date before that of the application on which priority is claimed: 

'Q Application Number Country Filing Date Priority Claimed 

O Hei. 10-318333 Japan October 22, 1998 Yes 

O Hei. 11-144750 Japan May 25, 1999 Yes 

! Whereby claim the benefit under 35 United States Code §120 of any United States application(s), or §365(c) of any PCT International 
■application designating the United States, listed below and, insofar as the subject matter of each of the claims of this application is not 
[djsclosed in a listed prior United States or PCT International application in the manner provided by the first paragraph of Title 35, 
ignited States Code, §112, I acknowledge my duty to disclose any information material to the patentability of this application as 
l#fined in 37 C.F.R. 1.56 which occurred between the filing date of the prior application and the national or PCT international filing 
:.aipte of this application: 

•Q Application No. Filing Date Status 



I hereby appoint John H. Mion, Reg. No. 18,879; Thomas J. Macpeak, Reg. No. 19,292; Robert J. Seas, Jr., Reg. No 21 092- Darryl 
Mexic, Reg. No. 23,063; Robert V. Sloan, Reg. No. 22,775; Peter D. Olexy, Reg. No. 24,513; J. Frank Osha, Reg No 24 625" 
Waddell A. Biggart, Reg. No. 24,861; Louis Gubinsky, Reg. No. 24,835; Neil B. Siegel, Reg. No. 25,200; David J. Cushing Reg No' 
28,703; John R. Inge, Reg. No. 26,916; Joseph J. Ruch, Jr., Reg. No. 26,577; Sheldon I. Landsman, Reg. No. 25,430; Richard C. 
Turner, Reg. No. 29,710; Howard L. Bernstein, Reg. No. 25,665; Alan J. Kasper, Reg. No. 25,426; Kenneth J. Burchfiel, Reg. No 
31,333; Gordon Kit, Reg. No. 30,764; Susan J. Mack, Reg. No. 30,951; Frank L. Bernstein, Reg. No. 31,484; Mark Boland Reg No 
32,197; William H. Mandir, Reg. No. 32,156; Brian W. Hannon, Reg. No. 32,778; Abraham J. Rosner, Reg. No. 33,276"' Bruce E 
Kramer, Reg. No. 33,725; Paul F. Neils, Reg. No. 33,102; Brett S. Sylvester, Reg. No. 32,765; Robert M. Masters, Reg No 35 603 
George F. Lehnigk, Reg. No. 36,359, John T. Callahan, Reg. No. 32,607, Steven M. Gruskin, Reg. No. 36,818, Peter A. McKenna,' 
Reg. No; 38,551 and Edward F. Kenehan, Reg. No. 28,962, my attorneys to prosecute this application and to transact all business in 
the Patent and Trademark Office connected therewith, and request that all correspondence about the application be addressed to 
SUGHRUE, MION, ZINN, MACPEAK & SEAS, PLLC, 2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3213. 
In the case of the seventh named inventor below, Mr. Haruhiko Takeya (deceased), each of the above statements is made on 
information and belief by and on behalf of Mr. Takeya, by Mr. Kazuo Takeya, who is the father and legal representative of the 
deceased Mr. Takeya. 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issuing thereon. 



First Inventor Junichi 



First Name Middle Initial Last Name 



Residence Okayama 



City State/Country 



Mailing Address: 2-27, Tsushimanishizaka 1-chome, Okayama-shi, Okayama 700-0086 JAPAN 
Citizenship Japanese 



Date Second Inventor Nobuko KAW AHARA 

First Name Middle Initial Last Name 

Residence Hiroshima Japan Signature 

City State/Country ~ ' 

Mailing Address: 17-5-607, Oosugacho, Minami-ku, Hiroshima-shi, Hiroshima 732-0821 JAPAN 

©tizenship Japanese 



Third Inventor Koichi 



First Name Middle Initial Last Name 

.Residence Kagawa Japan Signature 

City State/Country " 

■ Mailing Address: 35-1, Matsubara, Shirotori-cho, Qokawa-gun, Kagawa 769-2702 JAPAN 

Citizenship Japanese 



July 11, 2001 Fourth Inventor Sotaro MIYANO 

First Name Middle Initial Last Name 



Residence -Mi^Si Japati Signature J(ydl^ J^ / M^W^r^7^f^ L ' 

City State/Country - ~ / 

Mailing Address: 12-6, Hitokita 1-chome, Taihaku-ku, Sendai-shi, Miyagi 982-0222 JAPAN 

Citizenship Japanese 



July 11, 2001 Fifth Inventor Nobuhiko 



First Name Middle Initial Last Name 

Residence Miyagi Japan Signature 

^^^^ 

City State/Country ' " — 

Mailing Address: 1-14, Kameoka Jutaku Daiichichiku, 68, Kawauchikameokacho, Aoba-ku, Sendai-shi, Miyagi 980-0865 

JAPAN 



Citizenship Japanese 



July 11, 2001 



Sixth Inventor Naoya 



Middle Initial Last Name 



Residence Miyagi 
City 

Mailing Address: 



Signature 



State/Country 

15-5, Shouryou 2-chome, Izumi-ku, Sendai-shi, Miyagi 981-3108 JAPAN 



Citizenship Japanese 



Date: 


Date: 


Seventh inventor Haruhiko Takeva 
Signature [deceased] 


Legal Representative 

of Seventh Inventor Kazuo Takeva 


Residence Saitama. Japan 


Signature 


Post Office Address 


Residence Hvoeo. Japan 


$o COSMO RESEARCH INSTITUTE, RESEARCH & 
.iSEVELOPMENT CENTER, 1 134-2, Gongendo, Satte-shi, 
Saitama 340-01 12 JAPAN 


Post Office Address 

6-12, Seiryodai 7-chome, Tarumi-ku, Kobe-shi 
Hyogo 655-0038 JAPAN 


■Citizenship Japanese 


Citizenship Japanese 



"ft? 

■•Date 



Eighth Inventor Setsuko 



Middle Initial Last Name 



^Residence Saitama 



| U City 
[Mailing Address: 

Citizenship Japanese 



c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 
Gongendo, Satte-shi, Saitama 340-0 112 JAPAN 



Date 



Ninth Inventor Hitoshi 



Middle Initial Last Name 



Residence Saitama 



Japan 



City State/Country" 
Mailing Address: c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 



Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 



Citizenship Japanese 



SOLE/JOINT 



DECLARATION AND POWER OF ATTORNEY 
As a below named inventor, I hereby declare that my residence, mailing address and citizenship are as stated below next to my name- 
that I verily believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter claimed and for which a patent is sought in the application entitled: 
CYCLIC PHENOL SULFIDE METAL COMPLEX, CATALYSTS COMPRISING 
THE SAME, AND METHOD FOR ANALYZING HYDROGEN PEROXIDE 

which application is: 

□ the attached application 0 Application No. 09/830,032, filed on April 20, 2001 as the 

U.S. national stage of PCT/JP99/05819, 
filed October 21, 1999 

(for original application) (for declaration not accompanying application) 



that I have reviewed and understand the contents of the specification of the above-identified application, including the claims, as 
amended by any amendment referred to above; that I acknowledge my duty to disclose information of which I am aware and which is 
material to the patentability of this application as defined in 37 C.F.R. 1 .56, that I hereby claim priority benefits under Title 35, United 
States Code §119(a)-(d) or §365(b) of any foreign application(s) for patent or inventor's certificate, §1 19(e) of any United States 
provisional application(s), or §365(a) of any PCT International application which designated at least one country other than the United 
^States of America, listed below and have also identified below any foreign application for patent or inventor's certificate or of any 
|BCT International application having a filing date before that of the application on which priority is claimed: 
JJJ Application Number Country Filing Date Priority Claimed 

?3 Hei. 10-318333 Japan October 22, 1998 Yes 

P Hei. 11-144750 Japan May 25, 1999 Yes 

thereby claim the benefit under 35 United States Code §120 of any United States application(s), or §365(c) of any PCT International 
application designating the United States, listed below and, insofar as the subject matter of each of the claims of this application is not 
idjsclosed in a listed prior United States or PCT International application in the manner provided by the first paragraph of Title 35, 
Spited States Code, §112, I acknowledge my duty to disclose any information material to the patentability of this application as 
|iff fined in 37 C.F.R. 1.56 which occurred between the filing date of the prior application and the national or PCT international filing 
;d|te of this application: 

O Application No. Filing Date Status 



I hereby appoint John H. Mion, Reg. No. 18,879; Thomas J. Macpeak, Reg. No. 19,292; Robert J. Seas, Jr., Reg. No 21 092- Darryl 
Mexic, Reg. No. 23,063; Robert V. Sloan, Reg. No. 22,775; Peter D. Olexy, Reg. No. 24,513; J. Frank Osha, Reg No 24 625- 
Waddell A. Biggart, Reg. No. 24,861; Louis Gubinsky, Reg. No. 24,835; Neil B. Siegel, Reg. No. 25,200; David J. Cushing Reg No' 
28,703; John R. Inge, Reg. No. 26,916; Joseph J. Ruch, Jr., Reg. No. 26,577; Sheldon I. Landsman, Reg. No. 25,430; Richard C 
Turner, Reg. No. 29,710; Howard L. Bernstein, Reg. No. 25,665; Alan J. Kasper, Reg. No. 25,426; Kenneth J. Burchfiel Reg No 
31,333; Gordon Kit, Reg. No. 30,764; Susan J. Mack, Reg. No. 30,951; Frank L. Bernstein, Reg. No. 31,484; Mark Boland Reg No 
32,197; William H. Mandir, Reg. No. 32,156; Brian W. Hannon, Reg. No. 32,778; Abraham J. Rosner, Reg. No. 33,276; Bruce E 
Kramer, Reg. No. 33,725; Paul F. Neils, Reg. No. 33,102; Brett S. Sylvester, Reg. No. 32,765; Robert M. Masters, Reg No 35 603 
George F. Lehnigk, Reg. No. 36,359, John T. Callahan, Reg. No. 32,607, Steven M. Gruskin, Reg. No. 36,818, Peter A. McKenna' 
Reg. No. 38,551 and Edward F. Kenehan, Reg. No. 28,962, my attorneys to prosecute this application and to transact all business in 
the Patent and Trademark Office connected therewith, and request that all correspondence about the application be addressed to 
SUGHRUE, MION, ZINN, MACPEAK & SEAS, PLLC, 2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3213. 
In the case of the seventh named inventor below, Mr. Haruhiko Takeya (deceased), each of the above statements is made on 
information and belief by and on behalf of Mr. Takeya, by Mr. Kazuo Takeya, who is the father and legal representative of the 
deceased Mr. Takeya. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issuing thereon. 



First Inventor Junichi 



First Name Middle Initial Last Name 

Residence Okayama Japan Signature 



City State/Country 



Mailing Address: 2-27, Tsushimanishizaka 1-chome, Okayama-shi, Okayama 700-0086 JAPAN 
Citizenship Japanese 



Second Inventor Nobuko KAWA HARA 

First Name Middle Initial Last Name 



Residence Hiroshima Japan Signature 

City State/Country " 

Mailing Address: 17-5-607, Oosugacho, Minami-ku, Hiroshima-shi, Hiroshima 732-0821 JAPAN 
Citizenship Japanese 



Third Inventor Koichi 



First Name Middle Initial Last Name 



Residence Kagawa Japan Signature 

! ' w City State/Country ~ 

.Mailing Address: 35-1, Matsubara, Shirotori-cho, Ookawa-gun, Kagawa 769-2702 JAPAN 
: Citizenship Japanese 



* . Fourth Inventor Sotaro MIYAN O 

First Name Middle Initial Last Name 

Residence Miyagi Japan Signature 

City State/Country " 

Mailing Address: 12-6, Hitokita 1-chome, Taihaku-ku, Sendai-shi, Miyagi 982-0222 JAPAN 

Citizenship Japanese 



Fifth Inventor Nobuhiko IKI 

First Name Middle Initial Last Name 



Residence Miyagi Japan Signature ___ 

City State/Country " 

Mailing Address: 1-14, Kameoka Jutaku Daiichichiku, 68, Kawauchikameokacho, Aoba-ku, Sendai-shi, Miyagi 980-0865 

JAPAN 



Citizenship Japanese 



Sixth Inventor 



Middle Initial Last Name 



Residence Miyagi 



Japan 



Signature 



City State/Country 
Mailing Address: 15-5, Shouryou 2-chome, Izumi-ku, Sendai-shi, Miyagi 981-3108 JAPAN 



Citizenship Japanese 



Date: 



Seventh inventor Haruhiko Takeva 

Signature [deceased] 

Residence Saitama. Japan 
Post Office Address 

S/o COSMO RESEARCH INSTITUTE, RESEARCH & 

Development center, 1134-2, Gongendo, Satte-shi, 

Saitama 340-01 12 JAPAN 
Sitizenship Japanese 



Legal Representative 

of Seventh Inventor Kazuo Takeva 



Residence Hyogo. Japan 
Post Office Address 



6-12, Seiryodai 7-chome, Tarumi-ku, Kobe-shi 
Hyogo 655-0038 JAPAN 



Citizenship Japanese 



July 6, 2001 



Eighth Inventor Setsuko 



'iSesidence Saitama 



First Name Middle Initial Last Name 

signature £et£ujco Qfl^W 



| y City State/Country 

rMailing Address: c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 



Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 



Citizenship Japanese 



July 6, 2001 



Ninth Inventor Hitoshi 



Residence Saitama 



Japan 



. Signature Hftfc 2 ^. K^j^ 



Middle Initial Last Name 



City State/Country 
Mailing Address: c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2. 



Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 



Citizenship Japanese 



SOLE/JOINT 



DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that my residence, mailing address and citizenship are as stated below next to my name- 
that I verily believe I am the onginal, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter claimed and for which a patent is sought in the application entitled: 
CYCLIC PHENOL SULFIDE METAL COMPLEX, CATALYSTS COMPRISING 
THE SAME, AND METHOD FOR ANALYZING HYDROGEN PEROXIDE 

which application is: 

□ the attached application 0 Application No. 09/830,032, filed on April 20, 2001 as the 

U.S. national stage of PCT/JP99/05819, 
filed October 21, 1999 

(for original application) (for declaration not accompanying application) 



that I have reviewed and understand the contents of the specification of the above-identified application, including the claims as 
amended by any amendment referred to above; that I acknowledge my duty to disclose information of which I am aware and which is 
matenal to the patentability of this application as defined in 37 C.F.R. 1.56, that I hereby claim priority benefits under Title 35, United 
Mates Code &119(a)-(d) or §365(b) of any foreign application(s) for patent or inventor's certificate, § 119(e) of any United States 
: |rov.s,onal applications) or §365(a) of any PCT International application which designated at least one country other than the United 
: |tates of America, listed below and have also identified below any foreign application for patent or inventor's certificate or of any 
;* C1 International application having a filing date before that of the application on which priority is claimed: 



Application Number Country Filing 1 



Priority Claimed 



p Hei. 10-318333 Japan October 22, 1998 Yes 

□ Hei. 11-144750 Japan May 25, 1999 Yes 

! ihereby clami the benefit under 35 United States Code §120 of any United States application(s), or §365(c) of any PCT International 
.application designating the United States, listed below and, insofar as the subject matter of each of the claims of this application is not 
inclosed m a hsted pnor United States or PCT International application in the manner provided by the first paragraph of Title 35, 
^nited I States Code, §112, I acknowledge my duty to disclose any information material to the patentability of this application as 
^StWs^pJficadon ^ **** ° f ^ application and the nat£onal or PCT international filing 

□ ApP'ication No. Filing Date Sfatus 

I hereby appoint John H. Mion, Reg. No. 18,879; Thomas J. Macpeak, Reg. No. 19,292; Robert J. Seas, Jr., Reg. No 21 092- Darryl 
W^H'n f 8 n °- 23 o° 63; ^° bert V " Sl03n ' Reg " N °- 22 ' ?75; Peter °- ^ Re 8- No - 24 > 513 ; J - Frank Osha, Reg. No. 24,62? 
^vof , u | S t ' f • S ^° UiS GubinSky ' RCg - N °- 24 ' 835; Ndl B - Sie S d ' Re & No - 25 > 20 °: David Cussing, Reg No 

28,703, John R. Inge Reg No. 26,916; Joseph J. Ruch, Jr., Reg. No. 26,577; Sheldon I. Landsman, Reg. No. 25,430; Richard C 

xt™' ^ % I 'I ' ^nih Bernstein » Re «- No " 25 ' 665 ; AIan J- Jasper, Reg. No. 25,426; Kenneth J. Burchfiel, Reg. No! 

V>f£ w°f n h\/ 8 , d ' ? J 4; SUS3n J - MaCk ' Re§ - N °- 3 °' 951; Frank L ' Bernstein > Re S" No - 3I ' 484 ; Mark B °I a "d Rel. No. 
32,197, William H. Mand.r, Reg. No. 32,156; Brian W. Hannon, Reg. No. 32,778; Abraham J. Rosner, Reg. No. 33 276- Bruce E 
Kramer, Reg. No. 33,725; Paul F. Neils, Reg. No. 33,102; Brett S. Sylvester, Reg. No. 32,765; Robert M. Masters, Reg. No. 35,603! 

ReTS £ t 1 , 16 \ vf , I*? 9 'u J ° hn T - Cal ' ahan ' ReS " N °- 32 ' 6 ° 7 ' StCVen M - Gruskin ' Re 8- No - 36 > 818 > P«ter A. McKenna 
th 8 p , ♦ ' * V"!? ^ Kenehan ' Re §- No - 28 ' 962 > m y attome ys to prosecute this application and to transact all business in 
? J™™™™ ^T*^ thCreWith ' reqUeSt tHat a " corres P ond ^e about the application be addressed to 
SUGHRUE, MION, ZINN, MACPEAK & SEAS, PLLC, 2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3213. 
In the case of the seventh named inventor below, Mr. Haruhiko Takeya (deceased), each of the above statements is made on 
decked MrTaketa ^ °" ^ ^ ^ ^ Wh ° * ^ ^ ^ re P resentative of the 

L h , e h e , b ,Vv e H Cl t are K h f Sta TrT T 416 u erdn ° f my ° W " knowIed S e are true a " d that all statements made on information and belief 
are believed to be rue; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issuing thereon. 



First Inventor Junichi 



First Name Middle Initial Last Name 

Residence Okayama Japan Signature 

City State/Country ' 

Mailing Address: 2-27, Tsushimanishizaka 1-chome, Okayama-shi, Okayama 700-0086 JAPAN 

Citizenship Japanese 



Date . Second Inventor Nobuko KAWAHARA 

First Name Middle Initial Last Name 

Residence Hiroshima Japan Signature 

City State/Country ~ ~ 

Mailing Address: 17-5-607, Oosugacho, Minami-ku, Hiroshima-shi, Hiroshima 732-0821 JAPAN 

Citizenship Japanese 



: # ate . Third Inventor Koichi 



First Name Middle Initial Last Name 

Residence Kagawa Japan Signature 

City State/Country ~ 

.Mailing Address: 35-1, Matsubara, Shirotori-cho, Ookawa-gun, Kagawa 769-2702 JAPAN 

! Citizenship Japanese 



Fourth Inventor Sotaro 



First Name Middle Initial Last Name 



Residence Miyagi Japan Signature 

City State/Country 

Mailing Address: 12-6, Hitokita 1-chome, Taihaku-ku, Sendai-shi, Miyagi 982-0222 JAPAN 
Citizenship Japanese 



Fifth Inventor Nobuhiko 



First Name Middle Initial Last Name 

Residence Miyagi Japan Signature 



City State/Country 



Mailing Address: 1-14, Kameo ka Jutaku Daiichichiku, 68, Kawauchikameokacho, Aoba-ku, Sendai-shi, Miyagi 980-0865 

JAPAN 



Citizenship Japanese 



Naoya 



Middle Initial Last Name 



Residence Miyagi 
City 

Mailing Address: 



Japan 

State/Country 



15-5, Shouryou 2-chome, Izumi-ku, Sendai-shi, Miyagi 981-3108 JAPAN 



Citizenship Japanese 



Seventh inventor Haruhiko Takeva 

Signature fdeceased] 

Residence Saitama. Japan 
Post Office Address 



g/o COSMO RESEARCH INSTITUTE, RESEARCH & 
DEVELOPMENT CENTER, 1 134-2, Gongendo, Satte-shi, 
'iSaitama 340-01 12 JAPAN 

'Citizenship Japanese 



July 9, 2001 



Legal Representative 

of Seventh Inventor Kazuo Takeva 



Residence Hyogo. Japan 
Post Office Address 



6-12, Seiryodai 7-chome, Tarumi-ku, Kobe-shi 
Hyogo 655-0038 JAPAN 



Citizenship Japanese 



Eighth Inventor Setsuko 



Middle Initial Last Name 



-Residence Saitama 



City 



Japan 



State/Country 



Signature 



Mailing Address: c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 

Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 

Citizenship Japanese 



Date 
Res i dene 



Ninth Inventor Hitoshi 



Middle Initial Last Name 



City 



Japan 



Signature 



Mailing Address: 



c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 
Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 



Citizenship Japanese 



SOLE/JOINT 



DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that my residence, mailing address and citizenship are as stated below next to my name: 
that I verily believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter claimed and for which a patent is sought in the application entitled: 

CYCLIC PHENOL SULFIDE METAL COMPLEX, CATALYSTS COMPRISING 
THE SAME, AND METHOD FOR ANALYZING HYDROGEN PEROXIDE 

which application is: 

□ the attached application 0 Application No. 09/830,032, filed on April 20, 2001 as the 

U.S. national stage of PCT/JP99/05819, 
filed October 21, 1999 

(for original application) (for declaration not accompanying application) 



that I have reviewed and understand the contents of the specification of the above-identified application, including the claims, as 
amended by any amendment referred to above; that I acknowledge my duty to disclose information of which I am aware and which is 
material to the patentability of this application as defined in 37 C.F.R. 1.56, that I hereby claim priority benefits under Title 35, United 
States Code §I19(a)-(d) or §365(b) of any foreign application(s) for patent or inventor's certificate, §1 19(e) of any United States 
provisional application(s), or §365(a) of any PCT International application which designated at least one country other than the United 
States of America, listed below and have also identified below any foreign application for patent or inventor's certificate or of any 
^EPCT International application having a filing date before that of the application on which priority is claimed: 

Application Number Country Filing Date Priority Claimed 

j Hei. 10-318333 Japan October 22, 1998 Yes 

□ Hei. 11-144750 Japan May 25, 1999 Yes 

hereby claim the benefit under 35 United States Code §120 of any United States application(s), or §365(c) of any PCT International 
„ application designating the United States, listed below and, insofar as the subject matter of each of the claims of this application is not 
^■disclosed in a listed prior United States or PCT International application in the manner provided by the first paragraph of Title 35, 
United States Code, §112, I acknowledge my duty to disclose any information material to the patentability of this application as 
'..Refined in 37 C.F.R. 1.56 which occurred between the filing date of the prior application and the national or PCT international filing 
1 Matefif this application: 

Application No. Filing Date Status 



I hereby appoint John H. Mion, Reg. N o^. 18,879; Thomas J. Macpeak, Reg. N o. 19,292 ; Robert J. Seas, Jr., Reg. N o. 21,092; Darryl 
Mexic, Reg. No. 23 063:- Robert V. Sloan, Reg. NoJ?2_775_, Peter D. Olexy, Reg. NaJ_4_5J____J. Frank Osha, Reg. No. 24.625; 
Waddell A. Biggart, Reg. No. ,2_4__86_L_ Louis Gubinsky, Reg. No. _24,835; Neil B. Siegel, Reg. N o. 25,200 ; David J. Cushing, Reg. No. 
28J03j_John R. Inge, Reg. No. Joseph J. Ruch, Jr., Reg. No. 26,577: Sheldon I. Landsman, Reg. N o. 25,430 ; Richard C. 

TurnerTReg. No. 29,710; Howard L. Bernstein, Reg. No_^5 2 665j Alan J. Kasper, Reg. No.^25 2 426j_Kenneth J. Burchfiel, Reg. No. 
J L333; G ordon Kit, Reg." No. 30,764; Susan J. Mack, Reg. No.. 30,951; Frank L. Bernstein, Reg. No__ 3 1,484; Mark Boland, Reg. No. 
32,197; W illiam H. Mandir, Reg. No. J 2, 156; Brian W. Hannon, Reg. No. j2,778; Abraham J. Rosrier; Reg. No . 33,276; Bruce E. 
Tiramer, Reg. No. 33,725; Paul F. Neils, Reg. No. 33,102; Brett S. Sylvester, Reg. No. 32,765; Robert M. Masters, Reg. No. 35,603, 
George F. Lehnigk, Reg. No. J6_ ! 3J>9Jfohn T. Callahan, Reg. No. 32, 607, Steven M. Gruskin, Reg. No . 36,818 Peter A. McKenna, 
Reg. No. ,38,55 L and Edward F. Kenehan, Reg. No. _28.962. my attorney'sTo prosecute this application a'nd to transact all business in 
the Patent and Trademark Office connected therewith, and request that all correspondence about the application be addressed to 
SUGHRUE, MION, ZINN, MACPEAK & SEAS, PLLC, 2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3213 . 

In the case of the seventh named inventor below, Mr. Haruhiko Takeya (deceased), each of the above statements is made on 
information and belief by and on behalf of Mr. Takeya, by Mr. Kazuo Takeya, who is the father and legal representative of the 
deceased Mr. Takeya. 

1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issuing thereon. 



Date First Inventor Junichi „QD_D 

First Name Middle Initial Last Name 

' Residence . Okayama Japan Signature 

City " State/Country 

Mailing Address: 2-27, Tsushimanishizaka 1-chome, Okayama-shi, Okayama 700-0086 JAPAN 

Citizenship Japanese ^ 



Date July 5, 2001 Second Inventor Nohnko J___AHARA- 

First Name Middle Initial Last Name 

Residence Hiroshima '~SP X Japan Signature N 0 BU t0 (CAWAr- UEA 

City State/Country 

Mailing Address: 17-5-607, Qosugacho, Minami-ku, Hiroshima-shi, Hiroshima 732-0821 JAPAN 



/"Citizenship Japanese 



• .Date Third Inventor ,Koichi AKASHI . 

7_J First Name Middle Initial Last Name 

^/llResidence _Kagawa.. ,J Japan Signature 

Li| City State/Country " 

'.. Mailing Address: 35-1, Matsubara, Shirotori-cho, Ookawa-gun, Kagawa 769-2702 JAPAN 

:;. 

ff Citizenship Japanese 



l !S 6ate Fourth Inventor Sotarq. MIYANfO 

jjfj First Name Middle Initial Last Name 

Residence Miyagj., xj / /\ Japan Signature 

City State/Country " 

Mailing Address: 12-6, Hitokita 1-chome, Taihaku-ku, Sendai-shi, Miyagi 982-0222 JAPAN 



Citizenship Japanese 



Date Fifth Inventor ,.>fobuhiko IKI 

First Name Middle Initial Last Name 



Residence JMjyagL, Japan Signature 

City State/Country 



1 



Mailing Address: 1-14, Kameoka Jutaku Daiichichiku, 68, Kawauchikameokacho, Aoba-ku, Sendai-shi, Miyag i 980-0865 

JAPAN 



Citizenship Japanese 



Sixth Inventor Naoya 



Middle Initial Last Name 



AResidence Miyagi 
(T City 

Mailing Address: 



State/Country 

15-5, Shouryou 2-chome, Izutni-ku, Sendai-shi, Miyagi 981-3108 JAPAN 



Citizenship Japanese 



Seventh inventor JJanihlko Takeya . 

Signature [ deceased] 

Residence Saitama, Japan ~>3P X 

Post Office Address 

lpc/o COSMO RESEARCH INSTITUTE, RESEARCH & 
[DEVELOPMENT CENTER, 1 1 34-2, Gongendo, Satte-shi, 
fSaitama 340-01 12 JAPAN 

^Citizenship Japanese 



Legal Representative 
of Seventh Inventory 



Signatui 



Residence Hvo go. Japan \^_) j/^X^ 
Post Office Address 

6-12, Seiryodai 7-chome, Tarumi-ku, Kobe-shi 
Hyogo 655-0038 JAPAN 

Citizenship Japanese 



Eighth Inventor a Setsuko 



Middle Initial Last Name 



a 



• 'Residence JSailai 



3FX 



City State/Country 
failing Address: c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 



Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 



Citizenship Japanese 
Date 



It) 



Residence Saitama ^ 



Ninth Inventor ^Hitoshi 
First Name 

Signature 



Middle Initial Last Name 



City State/Country 
Mailing Address: c/o COSMO RESEARCH INSTITUTE, RESEARCH & DEVELOPMENT CENTER, 1 134-2, 



Gongendo, Satte-shi, Saitama 340-01 12 JAPAN 



Citizenship Japanese 



